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RECYCLING ELECTRONICS: 

A COMMON SENSE SOLUTION FOR 
ENHANCING GOVERNMENT EFFICIENCY AND 
PROTECTING OUR ENVIRONMENT 


THURSDAY, FEBRUARY 27, 2014 

Committee on Homeland Security 
AND Governmental Afeairs, 

Washington, DC. 

The Committee met, pursuant to notice, at 1:01 p.m., in room 
342, Dirksen Senate Office Building, Hon. Thomas R. Carper, 
Chairman of the Committee, presiding. 

Present: Senator Carper. 

OPENING STATEMENT OF CHAIRMAN CARPER 

Chairman Carper. The hearing will come to order. 

Good afternoon. I want to thank our witnesses and our staffs for 
your flexibility. I think originally we were going to have this hear- 
ing in the morning, and then we were going to have it later in the 
afternoon. Now, we are going to have it now. 

Unfortunately, they do not let Dr. Coburn and I decide when 
there are going to be votes on the floor. There are a bunch of votes 
that start at 2 o’clock, maybe 5 or 6 of them in a row. So that kind 
of messes things up, the way we originally scheduled it. 

So thanks for bearing with us and for being so flexible. 

I will ask that my statement be entered into the record. ^ Since 
there is no one to object, that will happen. 

But I would just say very briefly that this is an issue that is very 
close to my heart. I started recycling because a lieutenant junior 
grade in the Navy, who was a naval flight officer (NFO) stationed 
at Moffett Field, California, lived in Palo Alto, when he went over- 
seas, and used to recycle stuff right there in Palo Alto. Took it to 
an old garage where they took newspapers and bottles and cans 
and stuff over time. 

However, they would not recycle computers. They would not recy- 
cle cell phones. They would not recycle BlackBerrys, iPhones, or 
iPads. And we did not have them. Now we have a lot of them. 

And the question is, what do we do when they get old and cannot 
be used? Or, maybe they just go out of style. 

And it is a challenge, but in the words of Albert Einstein, “In ad- 
versity, lies opportunity.” There is great opportunity here to not 
just mine, if you will, discarded electronics, but to find value in it. 


^The prepared statement of Senator Carper appears in the Appendix on page 27. 
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I will just tell one quick story. When I was Governor of Delaware 
and in the National Governors Association (NGA), we were always 
looking at other States to see what we could learn from them and 
steal their best ideas, and hopefully, they would steal some of ours. 

I learned of a good idea they were doing out in the California 
prison system. They would have some of their inmates that would 
be trained to take used computers, upgrade them and then do 
something else with them. 

We took their idea, and we used it. We have a lot of banks in 
Delaware. We asked them, when you have to discard your old com- 
puters or laptops, how about donating them to the State of Dela- 
ware? We will have trained inmates in our prisons who will up- 
grade them, and then we will distribute them to our schools. 

And, when I stepped down as Governor, we had the best ratio 
of students to computers of any State in America. And we had peo- 
ple who were inmates who worked in upgrading computers and had 
a new job skill. Some saved some money because they got paid for 
doing a little bit of this. So it worked on a lot of different levels. 

Who is here from the Postal Service? 

Mr. Day, as you know, the Committee has jurisdiction over the 
Postal Service. Dr. Coburn and I and our colleagues have spent a 
whole lot of time, trying to make a path forward for the Postal 
Service, and I will just say this and stop. 

I think part of the secret to ensuring that the Postal Service will 
not just be around, hanging on, but making sure they are relevant 
and robust, is to find ways to use what is unique about the Postal 
Service; it goes to every mailbox in America five, usually six, days 
a week. Nobody else does that. 

And, to find ways to use what is unique about the Postal Service, 
that distribution network, to generate revenues. 

And I think we are going to hear today about maybe a good idea, 
and we are excited about that. 

So, having said all of that, some of my other colleagues may join 
us here. Votes start at 2 o’clock, but we have compressed these two 
panels into one. You look good. 

And I am not even going to give you formal introductions. We 
will just save the time, if you will, and we will do those for the 
record. 

But, Kevin, we are happy to see you and grateful for your partici- 
pation today, and we would like for you to lead off, please. Thank 
you. 
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TESTIMONY OF KEVIN KAMPSCHROER,i DIRECTOR, OFFICE 

OF FEDERAL HIGH-PERFORMANCE GREEN BUILDINGS, OF- 
FICE OF GOVERNMENTWIDE POLICY, U.S. GENERAL SERV- 
ICES ADMINISTRATION 

Mr. Kampschroer. Good afternoon, Chairman Carper and Mem- 
bers of the Committee when they arrive. My name is Kevin 
Kampschroer, and I am the Deputy Senior Sustainability Official 
at the U.S. General Services Administration (GSA). Thank you for 
inviting me to testify about electronics recycling and the opportuni- 
ties that this area provides for increased environmental steward- 
ship by the Federal Government. 

E-waste is the largest growing waste stream in the country. Ac- 
cording to the most recent estimates, more than 5 million tons of 
electronics were in storage, nearly half was ready for end-of-life 
management, and yet, only 25 percent were collected for recycling. 

The Administration is committed to reducing e-waste and real- 
izing efficiency by standardizing procedures across the government. 
As the world’s largest consumer of electronics, e-waste is a signifi- 
cant opportunity for the Federal Government. Acting under the 
President’s Executive Order (EO) 13514, 3 agencies led an Inter- 
agency Task Force on Electronics Stewardship. They are the Gen- 
eral Services Administration, the Environmental Protection Agency 
(EPA) and the White House Council on Environmental Quality 
(CEQ). The President charged the task force with developing a na- 
tional strategy for electronic stewardship, which the task force re- 
leased on July 20, 2011. 

Today, I look forward to discussing the development of the strat- 
egy, its important tenets, and our work to help address this critical 
challenge. 

The General Services Administration has always had programs 
for the disposal of equipment, including electronics, but these pro- 
grams were not designed with the specific challenges of e-waste in 
mind. 

The 16 agencies on the task force hosted several listening ses- 
sions with electronics manufacturers and recyclers, with non- 
governmental organizations, with State and local governments, and 
with Federal agencies. We solicited public comments and addressed 
all of these in the strategy issued on July 20. The strategy details 
the management of electronics throughout the products’ life cycle, 
from design to eventual reuse or recycling. 

Several items are being addressed over the coming years — 
issuance of governmentwide policy and guidance on the reuse and 
disposal of electronics, including acquisition of electronics that are 
more sustainable, can be easily reused and are designed to have 
minimal end-of-life environmental impact, and transparency of 
newly collected Federal data about this. 

On February 29, 2012, we published a bulletin in the Federal 
Management Regulations, presenting a specific list of options to 
consider when electronics are identified as no longer meeting their 
original use. First, offer them to other Federal agencies for reuse 
through GSAXcess, a program that we run, or transfer them to 
schools and other educational organizations through the Computers 


^The prepared statement of Mr. Kampschroer appears in the Appendix on page 30. 



4 


for Learning program. Second, donate them to State and local gov- 
ernments and nonprofit organizations. Third, sell or return the 
electronics to the original vendor. We are incorporating these take- 
back provisions into many of our contracts, and we are also devel- 
oping governmentwide guidance about doing that for other agen- 
cies. Fourth, direct nonfunctional electronics to a third-party cer- 
tified electronics recycler and not landfills or incinerators. All elec- 
tronics recyclers listed on schedules today are third-party certified. 

Another goal of the strategy is to promote the purchase of green 
electronics to reduce their life cycle environmental impact. We will 
continue to improve our contract vehicles in order to simplify Fed- 
eral agencies’ acquisition of green electronics. 

Currently, there are over 120,000 Energy Star products offered 
across several schedules. Used and refurbished electronics are also 
offered on schedules. 

We have developed two online tools to help agencies find prod- 
ucts that meet the goals. GSA Advantage uses icons such as the 
Energy Star, and the Green Procurement Compilation tool which 
consolidates all sustainable products designated for Federal pro- 
curement preference — Energy Star, bio-preferred and so on — and 
they show where to buy the product and how to find vendors. 

We have been deploying Energy Star servers and work stations 
since 2001 in the General Services Administration. Servers and 
personal computers have been Electronic Product Environmental 
Assessment Tool (EPEAT)-compliant since 2005 and EPEAT-Gold 
since 2009. 

A crucial part of this strategy is the collection and use of con- 
sistent, reliable data about electronics. Although many e-waste re- 
cycling programs exist, there are no guidelines across the Federal 
Government to measure their use governmentwide. 

We will publish a proposed rule for public comment next week, 
which already includes a requirement for agencies to submit data 
for all disposed electronics. This data, which could be publicly 
available on data.gov, would provide greater transparency into Fed- 
eral Agencies’ performance against the goals of the strategy and 
provide access to business opportunities to multiple parties. 

The Federal Government, as the largest purchaser of information 
technology (IT) in the world, has a unique responsibility to be a 
leader in the management and disposal of electronics. We play an 
important role in helping agencies meet the goals set forth in the 
National Strategy for Electronics Stewardship and through policy 
guidance and responsible acquisition, donation and disposal of elec- 
tronics. 

We have a lot more work ahead of us and hope to continue to 
make progress on this important issue. 

I am pleased to be here with you today, and I am happy to an- 
swer any questions you may have. Thank you. 

Chairman Carper. Thank you so much. 

Do you pronounce your last name, Kampsure? 

Mr. Kampschroer. I do. Thank you. 

Chairman Carper. Why? 

Mr. Kampschroer. It is 

Chairman Carper. I look at it, and it looks like Kampshrower. 
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Mr. Kampschroer. Well, it is a German-Dutch name, and 
when 

Chairman Carper. They just mispronounced it, right? 

Mr. Kampschroer. Yes, my grandfather moved to this country, 
and it seemed simpler to just slur over a lot of letters. So it is 
Kampsure like New Hampshire. Oh, that is good. 

Mr. Kampschroer. Thank you. 

Chairman Carper. Well, maybe we will have a Senator here, and 
she will know how to pronounce your name — Senator Ayotte. 

OK, Mr. Day. Your first name is Thomas. I got that one down. 
Day is a pretty good one, too. 

We are excited that you are here. 

Mr. Day. Thank you. 

Chairman Carper. Happy to learn about the Postal Service and 
what the Postal Service might do here to make a few extra bucks 
and do a good public deed. Thank you. 

TESTIMONY OF THOMAS G. DAY,i CHIEF SUSTAINABILITY 
OFFICER, U.S. POSTAL SERVICE 

Mr. Day. Thank you. Good afternoon. Chairman Carper, and 
thank you for calling this important hearing on recycling elec- 
tronics. 

My name is Thomas Day, and I am the Chief Sustainability Offi- 
cer for the United States Postal Service (USPS). 

Working closely with departments throughout the Postal Service, 
our vendors and the mailing industry, my team sets policies and 
assists in areas of environmental compliance, sustainability and 
energy initiatives. 

I am pleased to be here today to provide an overview of the 
USPS BlueEarth Federal Recycling Program. This new program of- 
fers participating Federal agencies and their employees a free and 
easy solution to securely and efficiently recycle unwanted light- 
weight electronic devices in an environmentally friendly way. 

Chairman Carper. When you say lightweight, what are we talk- 
ing about, if you can tell me what would be lightweight and what 
would not? 

Mr. Day. Under 20 pounds. 

Chairman Carper. Thank you. 

Mr. Day. Improper disposal of electronic waste is an acknowl- 
edged worldwide environmental problem, and this program aims to 
increase the percentage of used electronics that are recycled. 

Federal agencies can enroll in the BlueFarth Recycling Program 
to recycle unwanted electronics, free of charge, throughout the 
mail. Examples of items eligible for recycling include cell phones 
and their accessories, laptops, tablets, and cameras and, as I al- 
ready indicated, up to the weight of 20 pounds. This program is de- 
signed to supplement an agency’s existing recycling program. Cur- 
rently, there are 11 participating Federal agencies in the program. 
There is no cost to the agencies to implement this program, and it 
is a very simple process for them to launch it on a national level. 
The program has two components. Agencies can recycle govern- 


^The prepared statement of Mr. Day appears in the Appendix on page 35. 
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ment-owned electronics, and employees of participating agencies 
can dispose of their own personal electronics. 

The BlueEarth Recycling Program is weh-based. An employee 
from a participating agency selects their agency name and their de- 
vice information on a website. The individual then packages the de- 
vice and prints a shipping label, free of charge, from the website. 
The shipping includes free package tracking. In the course of nor- 
mal delivery, a postal letter carrier picks up the package while 
completing his or her route, a certified recycler receives the item, 
wipes the data as appropriate and ensures it is either securely re- 
cycled or prepared for resale opportunities. The recycler receives 
the residual value of the recycled product, which funds the trans- 
portation costs via the U.S. Mail to the recycler’s destination. 

The recycler is responsible for removing the data associated with 
electronic devices, wiping the data in accordance with the data 
sanitization standards of the National Association of Information 
Destruction (NAID) as well as the Department of Defense (DOD) 
standards. A certificate is issued confirming such an action takes 
place. 

Through the BlueEarth Recycling Program, Eederal agencies re- 
ceive recycling activity. They get the reports with data to assist 
them in meeting the documentation requirements of Executive 
Order 13514. 

USPS BlueEarth is a branded suite of customer services and 
product initiatives from the Postal Service, designed to provide sus- 
tainability solutions and innovations to our customers. The Postal 
Service is perfectly positioned for this program because we are 
using existing processing, transportation and delivery networks, 
making it a financially, as well as an environmentally, efficient 
way to recycle. 

The BlueEarth Recycling Program was launched in April 2013, 
and while we are encouraged by the number of agency agreements 
that we have signed thus far, the participation in the program has 
been low. Rather than continuing to pursue additional partici- 
pating agencies, our focus is on developing promotional materials 
to expand the use of the program at the existing agencies. 

So far, in fiscal year (EY) 2014, the BlueEarth Recycling Program 
collected and recycled approximately 15,000 items. The most pop- 
ular items being recycled have been printer and toner cartridges, 
smartphones, and laptops. The most active agencies have been the 
Postal Service followed by the Department of Energy (DOE) and 
the Department of the Interior. 

A study commissioned by the Postal Service showed a large po- 
tential market for electronics recycling by mail. There are some 
hurdles that stand in the way of full potential. Current law re- 
stricts the work the Postal Service can do with commercial entities 
and State and local governments. Pending Senate postal reform 
legislation would allow potential expansion of the program to the 
State, local and tribal government level. 

Mr. Chairman, we look forward to working with you and the rest 
of the Committee to expand recycling efforts and especially take 
advantage of the Postal Service’s existing processing, transpor- 
tation and delivery network. 
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This concludes my remarks, and I would be pleased to answer 
any questions. 

Chairman Carper. Thank you so much. 

Brenda Pulley, welcome. How are you? 

Ms. Pulley. Thank you. Delighted to be here, sir. 

Chairman Carper. Very nice to see you. 

TESTIMONY OF BRENDA PULLEY, i SENIOR VICE PRESIDENT 
OF RECYCLING, KEEP AMERICA BEAUTIFUL 

Ms. Pulley. So thank you. Thank you for your interest in recy- 
cling and for holding the hearing today. 

In a society where each of us generate 4.4 pounds of trash each 
day, there is a critical need to raise awareness and, ultimately, pro- 
vide the motivation to change behaviors to position recycling as a 
daily social norm. 

So, obviously, I am Brenda Pulley, Vice President of Recycling at 
Keep America Beautiful (KAB), and on behalf of KAB we appre- 
ciate the opportunity to reignite the dialogue on recycling and 
share information on how to increase recycling participation. 

We are a leading national nonprofit that has been around for 60 
years. We take public spaces and work to transform them to beau- 
tiful places. Recycling is one of those issues. We were founded over 
60 years ago, and our work is based on executing actionable strate- 
gies in environmental education and behavior change. 

So a challenge that spurs our work is the fact that the national 
recycling rate hovers at 34 percent. We have estimates here on 
electronics recycling. Whatever the exact number is we believe the 
recycling rates could and should be much higher. 

While recycling is considered one of the easiest environmental 
behaviors to perform and one on which survey after survey individ- 
uals indicate it is something they want to do, it does have complex- 
ities. 

Recycling electronics, like other materials, always relies on an in- 
dividual taking an action, and so we ask ourselves, what can we 
do to make recycling easier and to make it second nature? 

Behavioral psychologists indicate that recycling behavior can be 
positively influenced, and further, there is research that has been 
done to date on how to identify factors that most effectively encour- 
age recycling behavior. 

So summarizing the research, surveys, and on-the-ground work 
done to date, we at KAB categorized the following three areas as 
the greatest opportunities for improvement — convenience, commu- 
nication and cause. 

And, by cause, I mean, what can we do to make recycling mat- 
ter? 

So, clearly, addressing the convenience factor has the greatest 
opportunities to increase participation. It is helpful to offer recy- 
cling opportunities that are proximate to the behavior — where that 
material is generated. Briefly a used beverage can — for example, 
consumption occurs at places like a sports fields and offices, so set 
the recycling bin near where the recyclable is generated. 


^The prepared statement of Ms. Pulley appears in the Appendix on page 39. 
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But, for electronics, the challenge is greater. You are now trying 
to capture material that may have b^een purchased 7 years, 7 
months, but not 7 minutes, ago. So the creation of easy access to 
recycling, such as retail locations and the Postal Service, where 
consumers go to replace their obsolete electronics, is an excellent 
example of overcoming that convenience barrier. Special collection 
events have also proven successful for electronics. You have a spe- 
cific date, a specific time, and there is usually good promotion 
around it. 

Another key factor is communication. So consumers need to know 
what is recycled in their community. They want easily accessible 
information on where, when and what to recycle. 

But, while information can make it easier to recycle, there is evi- 
dence that increasing knowledge does not mean individuals are mo- 
tivated to engage in that behavior. So behavioral psychologists rec- 
ommend that information and knowledge is also combined with a 
cause, and by that, we mean striking that emotional chord with 
consumers. 

So, at Keep America Beautiful, that is the approach we have 
taken and particularly in our most recent efforts. In partnership 
with the Advertising Council, we recently released a national ad- 
vertising campaign to motivate Americans to recycle more. Based 
on the research, we learned that when people understood that their 
garbage can become something else, something new, they are more 
likely to take the extra step to recycle. 

So I invite you to take a look at the campaign. The theme is all 
about “I want to be recycled” and gives examples of what materials 
can become. 

In addition to convenience, communication and cause, there are 
other known strategies. I will not go into all those except mention 
one — social modeling or norming. For example, in a study con- 
ducted among 600 households on curbside recycling, when resi- 
dents were provided with what we call descriptive normative feed- 
back — so, in other words, they were told about the number of resi- 
dents that participated in recycling and the quantity of material 
that was recycled — there was a 19 percent increase in recycling 
among the residents. 

For Members of this Committee — and I know you live and 
breathe this — Mr. Chairman as a public official you have a power- 
ful role to lead by example and to be seen recycling and to be talk- 
ing about recycling in a very positive way with your colleagues and 
constituents. I know you do, and I thank you. 

Electronics recycling has one additional unique aspect that I 
want to talk about that influences recycling, and that is electronics 
have a perceived value. That perceived value causes people to want 
to store their old electronics — their television, their computer, their 
printer — in basements and garages rather than readily recycle 
them. 

So we do need to identify ways to overcome this barrier, and 
prompting about recycling when purchasing a new laptop or print- 
er, or putting prompts on packaging or new product instructions, 
or having that salesperson prompt the new purchaser on the recy- 
cling of obsolete products are all important steps in that. 



9 


I take the example of the Dell and Goodwill partnership. They 
partnered in an attempt to address both convenience and the per- 
ceived value. Not only is it more convenient for donators to bring 
along their used electronics for donation, as they are dropping off 
their household items also they know they are going to be put to 
good use. 

So, look, recycling is a simple action, but there are complexities 
around it. 

Thank you for holding the hearing. We look forward to working 
with you and your staff on ways that we can overcome these bar- 
riers and increase recycling. Thank you. Senator. 

Chairman Carper. Thank you so much and thanks for your lead- 
ership and for those who preceded you 60 years ago. 

Mr. Day. Thank you. 

Chairman Carper. Walter Alcorn, it is very nice to see you. 
Thanks so much. 

You have a tough act to follow, the three of these, but you are 
the warm-up act for Stephen here. 

All right, please proceed. 

TESTIMONY OF WALTER L. ALCORN, i VICE PRESIDENT, ENVI- 
RONMENTAL AFFAIRS AND INDUSTRY SUSTAINABILITY, 

CONSUMER ELECTRONICS ASSOCIATION 

Mr. Alcorn. Thank you very much. Senator Carper. 

My name is Walter Alcorn. I am the Vice President at the Con- 
sumer Electronics Association (CEA). 

CEA represents more than 2,000 companies who make, sell and 
install consumer electronics (CE) — so televisions, computers, tab- 
lets, the range of consumer electronics. Many of our members are 
also deeply involved in the recycling of those products, and I appre- 
ciate very much the opportunity to testify today on behalf of the 
industry. 

Most consumer electronics products contain valuable materials 
such as metals, plastics and other things that can be resold in the 
commodity markets by recyclers, like the one on my left. 

Consumer electronics manufacturers and retailers recognize the 
importance of recycling and support electronics recycling efforts 
like never before. In April 2011, a dozen leading consumer elec- 
tronics companies announced the eCycling Leadership Initiative. 

And we also issued an unprecedented national challenge to recy- 
cle responsibly 1 billion pounds of electronics annually by 2016 — 
something we are calling the billion-pound challenge. This rep- 
resents a threefold increase over recycling amounts in 2010. 

In 2013, last year, we reported 580 million pounds of consumer 
electronics recycled responsibly by our industry in third-party cer- 
tified facilities, and that is an increase of 25 percent over the pre- 
vious year. In order to get this, it requires collection locations, and 
our industry has sponsored more than 8,000 ongoing public collec- 
tion locations around the country, all of which can be found in an 
online zip code locator that CEA sponsors, called 
GreenerGadgets.org. 


^The prepared statement of Mr. Alcorn appears in the Appendix on page 44. 
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We also have done public service announcements for television 
and radio, reached out to consumers through traditional and social 
media on numerous occasions, and incorporated implementation of 
a national recycling system into our organizational goals at CEA. 

But there are challenges. 

Challenge No. 1 I will mention is collection. According to our own 
research at CEA, the average household contains 28 distinct elec- 
tronic devices, and reaggregating those devices whenever they are 
ready to be recycled is a tremendous challenge. It is a very big 
issue. 

But there are two other challenges I would like to note today 
that are more recent. 

First of all is the patchwork of diverging state electronics recy- 
cling programs and laws. Exactly half of the U.S. States have en- 
acted some form of electronics recycling mandate, and 
unsurprisingly, no two States have the same program. For con- 
sumer electronics manufacturers, there are now 21 separate reg- 
istration forms to fill out, 19 different annual State registration 
fees to pay, 15 State-specific annual recycling reports to file and all 
with different calendars and deadlines, and lots of wasted energy 
on administrative requirements. 

The second challenge I will mention is the market for Cathode 
Ray Tube glass (CRTs). Until about a decade ago, this was the 
most common technology used for displays like televisions and com- 
puter monitors. However, CRT sales have plummeted with new 
products entering the market with better technologies. 

And it used to be that as many old CRTs you could collect for 
recycle you could recycle into new CRT products, but obviously, 
since new CRT sales have waned, so has the demand for old CRTs 
to recycle. 

So CEA — and this is in our written testimony — has embarked 
upon several projects in order to help facilitate the development of 
demand and markets for CRT glass, but there is a lot more that 
needs to be done. 

And, in terms of recommendations, CEA recommends the cre- 
ation of a national harmonized industry-driven framework for recy- 
cling consumer electronics to facilitate more efficient electronics re- 
cycling. A national framework should be structured to maximize 
the use of market forces and ensure a level playing field that is im- 
plemented fairly across consumer electronics manufacturers. 

Also, it should incorporate the ideal of shared responsibility as 
a key system function for things like collection and consumer edu- 
cation, and also, should ensure that recycling is done responsibly 
and results, probably most importantly, in convenient collection op- 
portunities for the consumer. 

In lieu of a blanket Federal mandate, CEA recommends a Fed- 
eral framework that authorizes implementation of a harmonized 
cross-State consumer electronics recycling system in which specific 
States mutually agree with the consumer electronics industry to 
enact such a program. CEA and its members are working to de- 
velop the infrastructure to do this, and we look forward to working 
with this Committee and Congress in order to make that a reality 
nationwide. 
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And, second, I will also recommend that the Federal Government 
should continue to set a good example by ensuring that all Federal 
electronics are responsibly recycled. And to help address shortfalls 
in the CRT recycling market, the Federal Government should step 
up procurement of materials such as recycled CRT glass whenever 
the economies make sense and, also, when it is safe and environ- 
mentally sound and the function of those recycled materials meets 
government specifications. 

Thank you very much for the opportunity to testify today. 

Chairman Carper. Thank you. 

Do you pronounce your name Skurnac? 

Mr. Skurnac. Yes, sir. 

Chairman Carper. Skurnac, OK. Great. Thank you. 

Welcome, Mr. Skurnac. 

TESTIMONY OF STEPHEN SKURNAC, i PRESIDENT, SIMS 
RECYCLING SOLUTIONS, INC. 

Mr. Skurnac. Thank you very much, Mr. Chairman, and thank 
you for the opportunity to testify today. 

My name is Steve Skurnac. I am the President of Sims Recycling 
Solutions, and by way of background, Sims is the largest e-recycler 
in the world. We process approximately 1.4 billion pounds a year 
of e-waste in 42 facilities in 14 countries. 

In the United States, we have 12 facilities. We have about 2,000 
employees here in the United States. 

So e-recycling is a big job creator. It is a big industry on a global 
basis, and it presents significant opportunities for further business 
growth. 

As you have heard from the other speakers, though, it is not 
without a significant amount of complexity and an awful lot of 
issues, particularly domestically here in the United States, and I 
will try and address some of those today without reiterating the 
points that have already been made. 

We have had comments about the size of the marketplace. The 
numbers are all over the map, but nonetheless, the United States 
is estimated to generate anywhere from 5 to 10 million tons a year 
of e-waste, and a lot of that still remains in storage for the reasons 
you have heard. There is not an incentive to bring it out into the 
marketplace for recycling. 

This is significant because electronic scrap presents significant 
opportunity to recover valuable commodities from the material con- 
tained therein. There is also significant opportunity for businesses 
and consumers to benefit from reuse of equipment. It is refur- 
bished, repaired, put back into the marketplace, either domestically 
or in developing markets where they do not necessarily have access 
to that technology. 

The issue, though, that has to be understood is that electronics, 
particularly older equipment, does contain hazardous components 
that need to be removed in a responsible recycling environment. 
Otherwise, they can cause significant environmental harm if it is 
not recycled responsibly. And that makes the issue a bit more com- 
plex and turns it more from a pure commodity collection and recy- 


^The prepared statement of Mr. Skurnac appears in the Appendix on page 109. 
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cling into something that requires a sophistication of service offer- 
ing and certainly some scrutiny in terms of how the material is ac- 
tually recycled in the marketplace. 

Now, with the notable exception of the United States, most devel- 
oped countries in the world actually have Federal rules designating 
electronic scrap as some type of special waste within their econ- 
omy. 

And what that means is they arrange for it to be collected on a 
mandatory basis. It is banned from landfills. There are mecha- 
nisms in place to have it recycled domestically in those countries. 
And there are pretty rigorous reporting requirements to go along 
with it. And that is an environment that I say we operate in gen- 
erally except in the United States. 

Now, in the United States, the only rules that apply from a man- 
agement point of view, as Walter indicated, apply to cathode ray 
tubes, where recycling rules and export rules are very strict with 
respect to that material. 

So there is still an awful lot of room to work on regulatory per- 
spectives because what we have ended up with is a patchwork of 
State mandates which are creating confusion for consumers, cer- 
tainly difficulty for manufacturers of equipment and, frankly, dif- 
ficulty for recyclers having to juggle and jump back and forth be- 
tween jurisdictions that have different rules applied to them. 

If it is not being stored, it has three homes. Obviously, it can end 
up in a landfill. There are many States in the United States that 
still allow landfill of e-waste. It can end up with a domestic recy- 
cler, or of course, it can be exported for recycling out of the country, 
typically to developing countries. 

If it ends up with a domestic recycler, typically, it will be han- 
dled in a very responsible fashion because there are two certifi- 
cations available to recyclers in the country, both of which have 
very high standards and both of which will indicate to consumers 
and to manufacturers that those recycling companies have achieved 
a very high level of sophistication in their operation and that the 
material will be handled in a responsible fashion. 

And you have heard through the Executive Order that there was 
a mandate that the government agencies must use certified recy- 
clers to manage e-scrap coming from Federal agencies. 

There is no doubt that the volumes are continuing to grow 
around the world and in the United States, but the outlook for elec- 
tronics recycling is not as rosy as simply saying that volume will 
continue to grow, the reason being is that the material 

Chairman Carper. When you say volume, are you talking about 
the volume of materials that can be recycled or the volume of mate- 
rials that have been recycled? 

Mr. Skurnac. No, the volumes that are coming into the market 
to be recycled, so discarded electronics that consumers are bringing 
out. 

The single biggest issue that we have domestically in the United 
States — and Walter has alluded to this — is the collection incentive; 
that is, to get this material that is stored in homes into the recy- 
cling chain, into the hands of recyclers. 
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The cost of it is exorbitant, and it is not something that you can 
simply say, well, the manufacturer should pay for it; consumers 
should pay for it; recyclers should pay for it. 

It is a complicated issue because it depends where it is. It de- 
pends how much cost is involved in recycling it. It depends what 
kind of material is being recycled. 

Obviously, from a recycler’s point of view, if we see cell phones, 
laptops, and old computer units, that has a significant amount of 
inherent value associated with it. If we get televisions, if we get old 
printers, there is not enough commodity value, or in fact, there is 
a negative commodity value associated with it. So, suddenly, the 
cost of acquiring that material and getting it through the recycling 
chain has a real bearing on how much of the material actually gets 
collected on an ongoing basis. 

The other item that I think government needs to consider — and 
certainly, all consumers should as well — is that in today’s tech- 
nology everything that we tend to carry around in our pockets or 
have in our home contains a significant amount of personal or pri- 
vate data. And, when that material is discarded, it is critically im- 
portant that the consumer or corporation or government agency un- 
derstands how that data will be erased from the equipment and not 
end up being sold into foreign markets where, whether it is private 
information of consumers or private information from the govern- 
ment, it ends up being discoursed in a public way because it simply 
was not managed properly. 

So, fundamentally, I think we are faced with some key discussion 
points. 

What government-led programs, in addition to the ones that are 
in place now, should be initiated to further collection and to drive 
more recycling infrastructure in place? 

What do we do with the notion of e-waste going into landfills do- 
mestically because it is still a viable route in a lot of States in the 
United States? And there are many arguments back and forth 
about whether that is a viable route for this material from a treat- 
ment point of view. 

And how do we protect consumers and businesses from unwanted 
leaks of private information through the recycling supply chain 
when material does go out and consumers that do not have the so- 
phistication or have not taken care of erasing all of that private in- 
formation that they have on all of their devices? 

So we would really like to continue this discussion on an ongoing 
basis, both with the Committee and with members of government 
because we think that all of the stakeholders — manufacturers, re- 
cyclers, Federal, State and government agencies and environmental 
groups — all have a vested interest in doing a better job of recycling 
and figuring out a path forward. 

Thank you. 

Chairman Carper. Thank you, Mr. Skurnac. 

Let me start with the first question to you, if I could. How old 
were you yesterday? 

Mr. Skurnac. How old was I? 

Chairman Carper. Yesterday. 

Mr. Skurnac. Yesterday? Fifty-three. 

Chairman Carper. And today? 



14 


Mr. Skurnac. a day older, sir. Fifty-four. 

Chairman Carper. Happy birthday. 

Mr. Skurnac. Thank you very much. 

Your staff did a good job. Thank you. 

Chairman Carper. No, I knew this. [Laughter.] 

Mr. Skurnac. I could not think of a better way to spend my 
birthday. Thank you. 

Chairman Carper. I bet you could, but we are delighted you are 
sharing it with us. 

I want to drill down, if I can, on the role of the Postal Service 
and whether or not there is the kind of opportunities that I hope 
there is. 

But before I do that, let me just say that I have been very much 
involved in past years in strengthening Corporate Average Fuel 
Economy (CAFE) standards, fuel efficiency standards, for cars, 
trucks and vans. Several of you mentioned that the Federal Gov- 
ernment — and maybe other governments as well — us, as individ- 
uals, have a responsibility to set an example. It should not be like 
do as I say but do as I do. 

When we were working with fuel efficiency standards, we said, 
what is the role of the Federal Government to try to make sure 
that when these vehicles are made, created by manufacturers and 
car companies, somebody is going to buy them. 

So we said, well, one of the things we could do is buy some our- 
selves to help create a market. 

Another thing that we could do is to offer tax credits. If some- 
body buys a highly energy efficient vehicle, then they get a tax 
credit to help buy down the price of the car. 

Those were the kinds of things that we thought we could do. 

I am trying to think about how we do the same kind of thing 
here to make a market. What is the role for the government to con- 
tribute and to be responsible legislatively, with our tax code, our 
regulations, just setting a good example? 

I want to come to you, Mr. Day, for the second question, and that 
is I just want you to explain to me. 

Let’s say if I were a private citizen and I was not one of the Fed- 
eral agencies that you mentioned. 

Did you say there were 11? Eleven Federal agencies that are in- 
volved in this project? 

Mr. Day. Yes, Senator, 11. 

Chairman Carper. And did you say one was Interior? 

Mr. Day. I can give you the full list if you want. 

Chairman Carper. All right, real quickly. 

Mr. Day. Read through it quickly? OK, the Postal Service, De- 
partment of Interior; Federal Aviation Administration (FAA); De- 
partment of Agriculture (USDA); Department of Energy; Alcohol, 
Tobacco and Firearms (ATF) ; Housing and Urban Development 
(HUD); Federal Energy Regulatory Commission (FERC); Depart- 
ment of Homeland Security (DHS); Small Business Administration 
(SBA); and Department of Commerce. 

Chairman Carper. All right. Now, if I had a member of my fam- 
ily who worked at one of those agencies, could they participate in 
the program? 
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Mr. Day. Yes, Senator, absolutely. I have done it myself. It is 
very easy to use. 

Chairman Carper. Just explain it very simply. How does it hap- 
pen? 

Mr. Day. This is the key. We need to communicate. 

So what we do is we send the information out. You can actually 
Google it and find your way there. 

It is on the Postal Service website. So, if you were to Google Fed- 
eral recycling, you would go straight there. But, on top of that, we 
communicate out what the link is. 

Once you go to the link, very easy. It is going to ask you what 
agency you work for to confirm that you work for one of these 11 
agencies. It will then ask you to simply certify yes, I work for this 
agency. 

It will then ask you for — on the next web page will be your name 
and address information because we are going to then connect you 
to print a shipping label that will allow you, free of charge, to ship 
whatever item you are sending back to the vendor. It will ask that. 

And then the next thing it will ask you is, what do you want to 
ship? 

Now what I have personally used it for are printer cartridges and 
for some old hard drives that I did not need any longer, and those 
are two separate things. 

And it will tell you how to package it, give you the shipping 
label, put it on the box. 

And then the final step on the final page is it will ask you, would 
you like to schedule a delivery, or if it is small enough I can just 
put it out in the box for my carrier to pick up with the rest of the 
mail that day. 

It is very simple. 

Chairman Carper. When you say schedule the delivery, what 
does that mean? 

Mr. Day. So, if you are concerned about what you have in that 
box, particularly if it might be a laptop, a tablet, or a hard drive, 
you can actually, through the Postal Service — it is connected to our 
website — schedule one of our letter carriers to come pick it up. 

Chairman Carper. OK. All right. 

So we schedule a pick-up, not a delivery? 

Mr. Day. I am sorry. Yes. 

Chairman Carper. All right. Good. OK. 

How is it going? 

Mr. Day. It is going slow. As I indicated, since we started, we 
have about 15,000 items. We would have hoped to be beyond that. 

I think it is what some of the other witnesses testified. It is 
about awareness. It is getting people to do it. 

It is about perceived value of the item. I, personally, will tell you 
I am guilty. I have some electronic goods in my basement that are 
completely out of date, and yet, if I wanted to, I could plug them 
in and turn them on and still use them though I will never do that 
again. So I have just got to bring myself to do it. 

So we have to get past that with a lot of people, but I think what 
we are offering is making it easy. And that is another part of it, 
just making it convenient. 
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Chairman Carper. Let me ask our other four panelists. Just stay 
focused on the Postal Service for now and think out loud about how 
this could be made more successful. And I do not care — Ms. Pulley, 
you go first. 

Ms. Pulley. Well, it is one of the things that we do. We have 
various national programs. 

And we spend a lot of time thinking how best to communicate 
to individuals the recycling opportunities and to make them feel 
that it is easy. So I think there are potentially opportunities to 
work with the Post Office to help communicate that not only to 
government employees, but I think more broadly to the public. 

So maybe you get something in the mail that tells you about the 
program. You go to the Post Office, and you see it advertised. Your 
neighbor then talks about it. It is those kinds of things. 

Chairman Carper. Your organization may already be coordi- 
nating and collaborating with the Postal Service on this pilot. Are 
you? If so, how? And, if not, is it something you might consider? 

Ms. Pulley. We currently are not. In all fairness, though, we 
have had one conversation about it because I, personally, did not 
realize it until a couple of months ago that they were offering this. 
And so it is something that we will definitely pick up. 

I mean, there are things like America Recycles Day, which I 
know you are aware of, but there are opportunities that we can 
clearly leverage to raise the visibility. 

I am happy to followup and explore those opportunities. 

Chairman Carper. Others, please. Mr. Kampschroer. 

Mr. Kampschroer. I think two things. 

I think from an individual’s point of view there is a great hesi- 
tancy to give up a machine that has data on it. So the knowledge 
of how the data are protected through this whole period so that I 
can feel very comfortable as a person saying, OK, I have not wiped 
all of my kids’ stuff off of the computer that I no longer use — I can 
rely that this chain of custody exists all the way through the recy- 
cler. 

I happen to know this myself, but I can tell you that most of the 
people in my neighborhood do not. 

I think there is a second opportunity, which is especially in the 
States that have requirements and have recycling and so on, to get 
them to be the messengers. And I think they would be motivated 
to do that because every piece of equipment that they do not have 
to recycle reduces State and local government expenses. 

And I think that this is an opportunity to really get more of a 
national understanding of how the Postal Service can be the con- 
nector for a more national approach to the management of the 
waste. 

So those are a couple of thoughts. 

I think it is, I have to say, a terrific program. I would love to 
see it available for everybody and not just Federal agencies and 
their employees. 

Chairman Carper. Thank you. Mr. Alcorn. 

Mr. Alcorn. Thank you. 

Our focus is primarily in the consumer market. And, although 
the Postal Service’s program does go somewhat into the consumer 
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market, we really have focused on the larger devices and making 
sure there are opportunities for the heavier 

Chairman Carper. Before you do that, again, just go back to my 
question. I want you to think out loud. 

We have a lot of smart people at this table. Just think out loud 
on maybe some perspectives or some ideas that the Postal Service 
has not thought of 

Mr. Alcorn. Well, that is actually my point. There are a lot of 
people that are trying to collect the smaller devices, like what the 
Postal Service is doing. 

It is a pretty competitive market, particularly when you talk 
about the newer mobile devices. Pretty much every major retailer 
has trade-in programs, and so we are actually seeing sort of a sea 
change on the smaller devices where actually somebody will pay 
you for them. 

So I think beyond the Postal Service’s program for the Federal 
agencies — I think getting out in the consumer market; we welcome 
it. We would love to see that happen. 

We encourage all opportunities for consumers to recycle, but it 
is going to be a little bit of a competitive marketplace. 

Chairman Carper. OK. All right. Mr. Skurnac. 

Mr. Skurnac. Thank you. 

Well, I have one idea, and Tom may have thought about it from 
a Postal Service point of view, and it relates a bit to what Walter 
said. Instead of going door to door as they do — obviously, they are 
there delivering the mail every day — if they had their postal sta- 
tions set up as drop-off points in the community, you give con- 
sumers an opportunity to bring bigger and bulkier items on their 
own, if they can, down to the postal station where you can consoli- 
date it. 

Now, of course, the Postal Service is running trucks throughout 
their massive network across the country every day. Continue to 
consolidate and bring bigger volumes of this stuff back to regional 
distribution centers where certified recyclers, qualified recyclers, 
with the Postal Service, now have access to large quantities of ma- 
terial that the Postal Service has effectively done the consolidation 
for them along the way. 

That actually takes the bigger, bulkier, older stuff out of the 
household, which tends to be more problematic than some of the 
smaller, lightweight, easier to sort of hand pick-up equipment. 

Like I say, they may have already thought about that. I do not 
know. But that is certainly something that comes to my mind given 
the incredible distribution and reverse logistics network that they 
have available to them. 

Chairman Carper. Mr. Day, would you just react to some of 
these ideas, and feel free to say those are the worst ideas I have 
ever heard. 

Mr. Day. Senator, I will not say that. 

I will start in reverse. I think it is a very interesting concept of 
not just using our network to the individual household but also our 
33,000 retail facilities. We have actually done some of that, but it 
still has been focused on smaller products. The larger products 
would be an interesting opportunity. 
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We certainly do have the reverse logistics and the transportation 
in place, but in general, the volume, the size, the weight of what 
we handle is 70 pounds or less on an individual package basis. It 
would be a bit more experimental to take a look at doing something 
bigger. 

I know from a personal standpoint my wife and I had to dispose 
of one of our original big-screen TVs. I happen to live in Fairfax 
County, Virginia, and it was rather expensive to get it picked up 
curbside. So we decided to transport it ourselves, but it was not the 
easiest thing, and even then it cost us a few dollars. 

So there certainly is a need out there. I know, as a citizen who 
has tried to do the right thing it is not always easy and it is not 
always cheap. 

Chairman Carper. All right. Do you want to react to any other 
ideas? 

Mr. Day. Certainly, we need to collaborate to get the word out, 
hopefully, as the legislation moves forward, if we do get some of the 
freedom and flexibility to expand this product, certainly beyond 
just the Federal Government to the State and local governments, 
but really to get it to the individual consumer. 

What the program speaks of, and the lesson we have already 
learned from what we are doing in the Federal sector, is commu- 
nication is the key. You have got to get the word out. You have got 
to make people aware of what it is, how it is and what the benefits 
are. That is the key, and so we are more than willing to collaborate 
with any group. 

So, within the Federal sector, to be more effective with the exist- 
ing program, within the general industry and the individual con- 
sumers, to get the word out — that is the key. 

I find, as someone who was guilty in the past but now do it right, 
it is literally, how do you get people to that trigger point where 
they actually start to do it? 

And, once you do it and realize how easy it is, then it is just easi- 
er to do. But it is that first step of getting the stuff out of the base- 
ment, out of the garage, and properly disposing of it. 

Chairman Carper. I am just going to think out loud. Our sons, 
who are both Boy Scouts — turns out. Eagle Scouts. And I remem- 
ber trying to figure out with them what their Eagle Scout projects 
would be, and I think there is probably a good Eagle Scout project 
in this. 

We celebrate, in Delaware, Earth Day every year, every spring, 
as we do across the country. And one of the things I oftentimes do 
is I will choose a particular focus for Earth Day and try to high- 
light that, and I could see us doing something like that in Dela- 
ware this year around electronic recycling. 

And there are probably any number of other ways — the idea of 
having this hearing, and we will do a fair amount of communica- 
tions following up from the hearing. 

Senator Boozman who is my wing man, is a co-chair of the Recy- 
cling Caucus in the Senate. He and I can work together. We have 
some other folks that are in the Recycling Caucus, and maybe get 
them to sort of amplify the message. 

There is a lot that we can do, and it is not just the government 
that needs to do it. 
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The 25 percent — and I do not care who answers this one, but the 
25 percent or so of electronic stuff that we buy and eventually dis- 
pose of — obviously, only a fraction of it is going to be picked up by 
the Postal Service and transported by the Postal Service. We will 
say one percent because I know it is less than that. 

But just walk through for us the ways that the other 24 percent 
would be handled. Some could be basically taken and sold if it is 
still good to use. Some could be stripped down and pull the compo- 
nents out and that sort of thing. 

But just give us some idea of that 24 percent that would be left. 
Roughly, how is it disposed of and reused? 

Mr. Skurnac. Yes, I will comment first. Senator. 

There are a number of ways that it gets collected. In States that 
have programs — as Walter indicated, half of the States now have 
State-run programs that mandate some form of collection and recy- 
cling of e-scrap. 

Typically, there will be collection entities. Some are private en- 
terprises. In a lot of States, they are municipal-county facilities, 
transfer stations, solid waste companies, that will collect the e- 
scrap as it is dropped off by consumers, and then they will deliver 
it to recyclers for processing. And, in some cases, private recycling 
companies will do their own collection, either through collection 
events, weekend e-scrap drop-offs or just have regular drop-off fa- 
cilities in order to get the material. 

Some of it, unfortunately, is just exported as is out of the coun- 
try. There is an export trade, if you like, where people will buy e- 
scrap and put it in ocean containers and send it overseas. 

There are two issues with that. One, of course, is there are do- 
mestic jobs that are not existing here in the country as a result of 
that, and two, nobody is really sure what is happening to it when 
it is exported. So we have to share that concern and sort of think 
about how we manage that going forward. 

The other way that material shows up to recyclers is through 
corporations that run their own recycling programs, and they go 
out of their way to take back their own products. And I will let 
Walter deal with that because it is a very viable and vibrant part 
of the industry where you have manufacturers who are taking on 
sustainability programs to go and collect their own equipment in 
the marketplace and take it back from their customers. 

Mr. Alcorn. Thank you. Senator, for the question. 

Chairman Carper. Sure. 

Mr. Alcorn. I think one of the things that we have seen develop 
over the last few years is an expansion of the collection infrastruc- 
ture. Like in my testimony, we now have 8,000 different locations 
around the country that our industry sponsors. 

If you have electronics, I would recommend going to 
GreenerGadgets and looking for a place nearby where you can recy- 
cle. For example. Best Buy will take back all your electronics at no 
charge at this point. So, in all 

Chairman Carper. Roughly, how long have they been doing 
that? 

Mr. Alcorn. They started about 5 years ago. They used to 
charge $10 for the bigger stuff. They dropped that, I believe, 3 
years ago. 
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Chairman Carper. They dropped it entirely? 

Mr. Alcorn. Dropped it entirely, so there is no charge. 

Chairman Carper. Why do you suppose they did that? 

Mr. Alcorn. Well, they figured out how to incorporate this into 
their business model, which is something we encourage companies 
to do. They figured out getting people into the door is worth the 
pain and hassle and expense of running a recycling program. 

Chairman Carper. This reminds me of we have shared jurisdic- 
tion on cyher policy here in the country in this Committee. 

And a fellow from the National Institute of Standards and Tech- 
nology (NIST), which has heen very much involved in developing 
standards for helping us deal with cyher attacks, Pat Gallagher 
was his name, I think, and he testified here once. I think he said, 
when good business policy and good cyber policy are one and the 
same, we know we are on the right track. 

And it sounds like Best Buy has figured out how good business 
policy and good environmental stewardship can coincide. They are 
on the right track. 

Do you think other companies are looking at Best Buy and think- 
ing maybe they are on to something? 

Mr. Alcorn. Yes. What has happened is some of the other big 
retailers have gotten into taking back smaller devices. And Staples, 
actually, they have gotten into the business of taking back com- 
puter equipment. They do not take back TVs, but they really do not 
sell TVs. 

So we look at those two companies as models that we encourage. 

Also, our nonprofits, like Goodwill that Brenda mentioned earlier 
and their partnership with Dell. A very strong 

Chairman Carper. Would you explain that partnership, please? 

There is a Goodwill about a mile from our house. We visit them 
often. 

Mr. Alcorn. It is called the ReConnect program. 

Chairman Carper. I just took them a printer. 

Mr. Alcorn. Ah, and they took it? That is good. OK. 

By the way, in Delaware, you also have the Delaware Solid 
Waste Authority who has an excellent program and has for a num- 
ber of years. 

Chairman Carper. I was just at their recycling center where 
they recycle all — we have single-stream in Delaware. 

We were going, oh, gosh, 30 years ago, to an earlier effort to try 
to do single-stream, and we just did not have the ability to sustain 
the operations of the facility and finally gave up on it. And we fi- 
nally figured it out pretty well now. 

Mr. Alcorn. Well, specifically with the Goodwill 

Chairman Carper. As you know, they do not put the electronics 
along with the stuff in single -stream, though. 

Mr. Alcorn. Right. That is right. That is a separate system. 

But the Goodwill program in working with Dell — that is some- 
thing that has developed really over the last decade, and Goodwill 
will take computer equipment. Dell backs them up and helps cover 
their costs and also provides outreach and promotion for the recy- 
cling program. 

We like those business models very much. We like those efforts, 
and we are encouraging more. 
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Chairman Carper. Who is your executive director, chief execu- 
tive officer (CEO), or president of your association? 

Mr. Alcorn. Gary Shapiro is our CEO. 

Chairman Carper. Was Dave McCurdy ever your CEO? 

Mr. Alcorn. He was not. He was with a different association, 
hut we know him. 

Chairman Carper. OK. Good. 

Anybody else? I have another question, but I want to make sure 
I have heard from everybody on this. 

Please, go ahead. 

Mr. Kampschroer. I just thought I would give you sort of a 
sense of the order of magnitude within the Federal Government. 

Chairman Carper. Yes, please, I would like to hear that. 

Mr. Kampschroer. So, in the last year we measured, about 23 
percent of the equipment was actually transferred to other agencies 
for further use, 23 percent again was surplussed and sold for parts 
or for reuse, 50 percent was given to schools or other edu- 
cational — 

Chairman Carper. Fifteen? 

Mr. Kampschroer. Fifty. 

Chairman Carper. To where? Schools? 

Mr. Kampschroer. To schools. And then only 4 percent was ac- 
tually recycled. So there is a lot of secondary use of equipment 
going on — of Federal equipment. 

Chairman Carper. When one of my sons was in college, he spent 
a summer working for Apple out in California, and the next year 
I was out at Apple and just wanted to visit with Visitor Operations 
and try to learn more about what they were doing. It was maybe — 
I do not know — 4 or 5 years ago. 

And it was interesting during my visit at Apple. I stayed for an 
hour or two, and they spent the whole time just talking about the 
thought and the consideration they give to the materials that are 
in the equipment that they build and sell. 

Looking at this — and this is, of course, sustainability and what 
can be harvested from those devices when they are disposed of — 
I was struck by how much time and energy and thought they have 
given to this. 

I am sure there are other manufacturers who have a similar 
bent. Could you share some of those with us? 

Mr. Alcorn. I will take that one on. Thank you for the question. 
Senator. 

That is something that we have seen a number of companies step 
up — Apple is first and foremost, probably, on that particular 
issue — and spend a lot of time and effort to take care of their sup- 
ply chain and the materials that are used and that go into their 
products. 

It is a very dynamic industry. The technology is changing very 
quickly. Innovation really powers the industry to move forward, 
and one of the innovations is something that I like to call 
dematerialization, where we are seeing products get smaller. Using 
less material. 

I mean, it used to be the big TV set in a console, and it was 
super heavy. And now they get hung on the wall, with better tech- 
nology, better performance and using less energy. 
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We actually have documented a number of case studies in a sus- 
tainability report that CEA published and I entered into our writ- 
ten testimony, that really talks about some of these examples, not 
just on the recycling side but also on design and energy efficiency 
and other issues like that. 

Chairman Carper. OK. Thank you. 

Anybody else want to say something before I change the subject 
just a little bit? 

[No response.] 

All right. I mentioned earlier fuel efficiency standards, CAFE 
standards, and what can the government do to try to make a mar- 
ket, that sort of thing. 

Let me just ask. I will not ask this for Mr. Kampschroer or Mr. 
Day but for Ms. Pulley, Mr. Alcorn, and Mr. Skurnac. What do you 
see as the role of the Federal Government, or the roles of the Fed- 
eral Government, in this space? Do you want to go first, Mr. 
Skurnac? 

Mr. Skurnac. Well, at the risk of repeating the comment, I think 
it needs to lead by example, and I was very encouraged 

Chairman Carper. Did you all just hear that clock back there 
making a noise? Are we back in session? 

All right. We are going to start voting pretty soon, but we are 
going to go probably another 10 to 15 minutes. 

Mr. Skurnac. I will just make one quick 

Chairman Carper. No. You have plenty of time. 

Mr. Skurnac. One quick comment with regard to what Kevin 
was referring to — I think that getting the data from the govern- 
ment in terms of their efficacy of the Executive Order and the pro- 
grams and what happens to the material, who is managing it, how 
it is being recycled and/or refurbished or reused will be terrific in- 
formation for everybody to have access to because it will show us 
just how much traction the Federal Government on its own has 
with trying to do the right thing with the equipment. 

I mean, they are the largest purchaser of IT equipment and, by 
definition, the largest creator of e-scrap at the end of its useful life. 
So it will be very interesting and useful for all of us stakeholders 
and the industry to find out exactly what is happening with that 
equipment. 

Chairman Carper. All right. Thank you. Mr. Alcorn. 

Mr. Alcorn. Thank you. 

And I would just expound a little bit on an idea of a different 
type of affirmative procurement. There are — not just CRT glass, al- 
though CRT glass is the most obvious one. There are some mate- 
rials coming out of the electronics recycling stream where there are 
not strong markets. There is not intrinsic demand in large meas- 
ure. 

And I think that is something that is really called for in the Fed- 
eral National Strategy from 2011 — and that is something we would 
like to see the Federal Government step up their efforts really, to 
look to see where they could buy recycled materials in lieu of virgin 
materials, particularly for items like CRT glass. 

It is not obvious a lot of times if there is a fit, but certainly, we 
have seen some of that done already, and we would encourage 
more of it. 
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Chairman Carper. Good. Ms. Pulley. 

Ms. Pulley. I would just add also, as the others have indicated, 
the leading by example. 

And one thing I would add, it has been mentioned a couple 
times, but I think also helping to inform constituents about the im- 
portance of it, as you do. 

But also, to make sure that the importance of using a certified 
recycler — I want to reiterate a point that was made earlier because 
it is so important with the data that are on personal electronic de- 
vices. 

Chairman Carper. I think I know why that is important, but tell 
us again. 

Ms. Pulley. Just because, as was mentioned earlier, when peo- 
ple have all kinds of financial data and other personal information, 
and then they turn over a computer to be recycled, if it is not with 
a certified recycler — I mean, there are horror stories about elec- 
tronics being sold in third-world countries and not for the computer 
but for the data that are on the computer. 

So it is an issue that — as you continue this dialogue about what 
you can do, it is important to remember that one because I think 
there is some additional work to do in that area. 

Chairman Carper. I always look for ways to incentivize behav- 
ior. So, if we want to incentivize folks in other countries to pay top 
dollar for these items, we could sort of imply, or let them think, 
that there are data. 

Ms. Pulley. Maybe. Well 

Chairman Carper. And then clean everything up and then sell 
it to them. 

Ms. Pulley. I totally like your line of thinking about 
incentivizing. We like that. 

Maybe we can talk about a study very specific to recycling 

Chairman Carper. We call that bait and switch, I think. 

Ms. Pulley. But another one where there is the opportunity — 
Walter, I hope you do not mind — we want it to be embedded in the 
business model for manufacturers and retailers, and we are seeing 
that. 

But to continue to look for ways that it could also be commu- 
nicated so not only is that convenience factor overcome, but there 
are various touch points in communication about recycling with the 
customer, as I said previously. 

When you go buy a new car, what is the first thing they ask you? 
Not how much you want to spend, but hey, have you got an old car 
to sell? 

And so just those kinds of things that we could work with manu- 
facturers and retailers on that — those are the other things that I 
would look at. 

Chairman Carper. I have an old car, but I am not ready to sell 
it yet. My wife always says to me, when are you going to buy a 
new car? 

Ms. Pulley. What about those CAFE standards? 

Chairman Carper. It is a 2001 Chrysler Town and Country 
minivan, and I bought it the year that I stepped down as Governor, 
and it just went over 361,000 miles — original engine, original 
transmission, original owner. 
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Someday we will recycle it, but not soon. 

Mr. Day, do you want to jump in here, or Mr. Kampschroer? 

Mr. Day. In terms of what the Postal Service can do? 

Chairman Carper. Well, we are talking about the role of the 
Federal Government in the space. We are trying to set a good ex- 
ample. We are trying to partner with the Postal Service. 

Anything else come to mind? 

Mr. Day. Well, I do not think you can stress enough that setting 
a good example. I think the President, through the Executive Or- 
ders, and what the Federal agencies are doing — it is just a matter 
of following through on that. 

And, as has already been said, it will be important to see that, 
and my understanding is we will see that on what the agencies do 
through the Council on Environmental Quality. We have an annual 
Office of Management and Budget (0MB) scorecard, and so that is 
dated, and it is out there. 

It is more than saying we are going to do it. We have to dem- 
onstrate we are going to do it. 

And I know the Postal Service is. We are not just promoting this 
to do it for other agencies, but we are doing it ourselves. 

Chairman Carper. OK, Mr. Kampschroer. 

Mr. Kampschroer. I think just one last point is really a reiter- 
ated one. The proposed rule that we will publish next week will re- 
quire agencies to submit the data at a much more detailed level 
than is currently being collected and submitted. So we will have a 
much better handle on what the potential markets are, and that 
will allow the market to react with the potential for business op- 
portunities. 

We found that to be true in Energy.Data.gov, where we have put 
our utility consumption data out there and have gotten private sec- 
tor individuals who figured out ways that we had not figured out, 
how to more cost effectively manage the Energy budget. 

So, hopefully, the same thing will happen here. 

Chairman Carper. OK. Thank you. 

You hear that clock again making noise. That means that we are 
about 7 or 8 minutes into a fifteen-minute vote. 

I am going to ask one more quick question, and then we will 
leave the record open for additional questions from my colleagues 
and from me. 

But, the last question. I like to talk about the three Cs that are 
secrets to a vibrant, long marriage between two people — commu- 
nicate, compromise and maybe collaborate. 

I think one of you mentioned three Cs that were similar, though. 
I think one was communicate. Was that right? 

Ms. Pulley. Absolutely. 

Chairman Carper. And I think another one might have been 
convenience. 

Ms. Pulley. Absolutely. 

Chairman Carper. And there was a third. What was it? 

Ms. Pulley. Cause, or the motivational factor. 

Chairman Carper. Cause, yes. OK. 

All right. Good. 

I will kind of relate to that and touch on that again but one of 
the biggest challenges that we face in moving ordinary Americans 
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toward — what are some of the biggest challenges toward moving us 
toward a recycling-first mentality? 

And so, just think about that. Challenges. Lack of convenience. 
People do not even know about it, so lack of information. 

But think about that and then give us just some thoughts. When 
we have that old cell, or we have that old computer, or we have 
that old TV, not the cathode ray tube, but what is just maybe one 
good idea from each of you on how we can better ensure that people 
say, I am not going to just throw this away or whatever or leave 
it in the basement? 

Give me one great idea, Mr. Skurnac, on your birthday. This will 
be your gift to us. 

Mr. Skurnac. Well, I think the simplest thing we can do for 
those individuals is to impress upon them the fact that there is so 
much of their lives in that equipment that they have, and it does 
not need to stay in the garage or in their basement. It does need 
to be recycled because they are valuable commodities, and it makes 
a lot more sense to recycle it than to let it sit somewhere and col- 
lect dust. 

But, if that message gets out — and everybody today on the panel 
has talked about getting the message out. 

If the message gets out that says, look, we can recycle this. There 
are responsible people that can do it. We have an easy and conven- 
ient way to get it from you. You need to get rid of it and get the 
valuable components back into commerce — we will come a long 
way, absolutely. 

Chairman Carper. All right. Thank you. 

I just thought of an idea. In schools that our boys have gone to 
and then others we are aware of, we do recycling drives. We have 
done Campbell’s Soup cans, with the labels and stuff. We have 
done newspapers and bottles and stuff like that, and aluminum 
cans. 

Have you ever heard of a school that has maybe 1 day a week, 
1 day a year, or 1 day a quarter, something like that, where they 
invite folks to take stuff out of their garages and basements and 
bring it to the school, where they work with the solid waste au- 
thorities there to pick it up and take it out, and the schools make 
some money? 

Anybody? Is that too far-fetched an idea? 

Just very briefly because we are running out of time. 

Mr. Alcorn. Well, on electronics, I think that happened a lot in 
the past, or it happened some in the past, not so much recently. 

But I think you raise the schools issue, and that gets to my idea. 
I am not sure it is a new idea completely. But, frankly, getting re- 
cycling into the curriculum is really important. I mean, that 
changed the world in the late eighties when that happened with re- 
cycling in general, and that is something we have been working on 
a little bit at the Consumer Electronics Association. 

But when kids hear that, yes, these old electronics should be re- 
cycled and, hey, here is a way to find out how, and they bring that 
home to their parents, it makes a huge difference. 

Chairman Carper. OK. Good. Please. 

Ms. Pulley. I was just going to add. 

Chairman Carper. Just 30 seconds, and then I have to run. 
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Ms. Pulley. I would just say it is — going back to your original 
question. We work with schools all the time. There are issues about 
the schools being drop-offs for electronics per se. We can talk about 
that at another time. OK? 

But I think turning up the volume, as we have said today, so 
that we make it a social norm. And there are many different pres- 
sure points that we could do that, whether it is curriculum or talk- 
ing about it. Those are things that I continue to look at, but that 
would be my key recommendation. 

Chairman Carper. OK. Thanks. 

Mr. Day, just real fast. 

Mr. Day. I will just keep the theme. I mean, I have been very 
impressed with 

Chairman Carper. You are on message. You are what we call on 
message. 

Mr. Day. It is what universities are doing today. I mean, colleges 
and universities — as I talk to the younger employees coming into 
the Postal Service, fresh off of university campuses, they get it. I 
think if there is anything we are going to see as the generations 
move forward; they do get it. 

And maybe it is our generation that has not gotten it yet, but 
we just need to keep pushing that. 

Chairman Carper. OK. Great. Thanks. Mr. Kampschroer, last 
word. 

Mr. Kampschroer. I think really emphasizing the value of some- 
thing that has no value to the person. It has value elsewhere. So 
move it to where it has value. I think people get excited about that. 

Chairman Carper. Good. All right. 

Well, I just want to thank Mr. Kampschroer and thank you, Mr. 
Day. Thank you, Ms. Pulley. Mr. Alcorn, thank you for joining all 
of us for the celebration of the 54th anniversary of Mr. Skurnac’s 
birth. 

What we hope to do here today, on this day, is to spread the 
news. Spread the good news that we are hearing about, and I am, 
frankly, excited about. 

And I thank you all for helping us to do that. 

The three Cs. Ms. Pulley, tell us the three Cs one more time. 

Ms. Pulley. Right. It is convenience that we have talked about 
a lot today, clearly communication, but then finding the right way 
and the right message to communicate, which is give the cause so 
you have an emotional connection. 

Chairman Carper. That is great. 

All right, the hearing record will remain open for 15 days. That 
is until March 14, at 5 p.m., for the submission of statements and 
questions for the record. 

With that, this hearing is adjourned. 

Again, our thanks to each of you. Happy birthday. 

[Whereupon, at 2:08 p.m., the Committee was adjourned.] 
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Opening Statement of Chairman Tom Carper 
**Recycling Electronics: A Common Sense Solution for Enhancing Government Efficiency 
and Protecting Our Environment” 

February 27, 2014 


As prepared for delivery: 

Good afternoon. I’d like to thank today’s witnesses and guests for joining us to talk about how 
properly recycling electronics can preserve our environment, contribute to economic 
development, and help our government become more efficient. This is an issue that is of great 
interest to me, and should be to anyone who owns a home or a business. 

The Consumer Electronics Association estimates that Americans own 28 electronics per 
household. If I were a betting man, I would bet that everyone in the room has at least one 
electronic device with them today, and countless more at home and at the office. You’ve 
probably asked yourself, what am I supposed to do with this device once I’m done with it? 

Throughout my life, recycling has always been a top priority for me, and it’s something that I 
have strived to encourage both through my personal efforts but also as a public official. You 
could say it is a true passion of mine. 1 am a proponent of recycling because it helps us preserve 
our limited resources and reduce our landfill input; all while creating good-paying, American 
jobs. 

Along wdth Sen. John Boozman, I serve as co-chair of the Senate Recycling Caucus. We are 
committed to raising awareness of the many benefits of recycling. Most Americans are familiar 
w'ith traditional municipal recycling efforts that encourage individuals to recycle paper and other 
household goods. But there's more to recycling than just tin cans and milk jugs. 

Today’s hearing will specifically take a look at electronics recycling, and how the federal 
government can help lead the way when it comes to expanding good practices that will save 
resources and cut down on potentially dangerous materials piling up in our landfills. 

The federal government is the nation’s largest purchaser of electronics and subsequently the 
largest disposer of such devices. This provides our government with the opportunity and 
responsibility to ensure that it recycles electronics in the safest, smartest way possible. 

I believe the challenges and opportunities presented by electronics recycling draws a parallel to 
President Clinton’s 1993 executive order requiring the U.S. government to purchase recycled 
paper. By harnessing the power of market forces through the Federal government’s increased 
demand for recycled paper, this executive order in turn helped lower the price of recycled paper 
for everyone else. 

In the case of electronics recycling, the Obama Administration’s creation of the National 
Strategy for Electronics Stewardship is a great first step. The National Strategy seeks to leverage 
the purchasing power of the federal government to support responsible purchasing, management, 
and recycling of electronics within the federal government. 


( 27 ) 
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Today, witnesses from the public and private sector will help us examine how the government 
can lead by example when it comes to electronics recycling. Our witnesses will also discuss how 
the government can improve and increase electronics recycling across the country and look at the 
promise and challenges in increasing electronics recycling efforts in the United States. 

We will also hear from the U.S. Postal Service about what it is doing to help in this effort. Tm 
particularly interested in hearing how the Postal Service can use its unique distribution network 
to make more money in this area. 

I often say, anything 1 can do, I know I can do better. Recycling electronics is a perfect example. 
Our environment benefits from avoiding volumes of landfill waste, and American jobs are 
created as the demand for recycling opportunities increase. That’s what I like to call a win-win. 

I look forward to an informative discussion today of an issue that will undoubtedly only grow in 
significance as we continue to increasingly rely on electronic gadgets and need to dispose of 
older electronic equipment. Thank you again to our witnesses for being here today and 1 look 
forward to hearing your testimony. 

### 
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Statement for Record from Senator Levin 
February 27, 2014 

Thank you, Chairman Carper, for holding this hearing on recycling electronics. Recycling is an 
integral part of protecting our environment. In addition to the economic and environmental 
considerations of recycling, I want to highlight an important aspect of disposal practices for 
electronics related to our national security. 

On May 21 , 2012, the Senate Armed Services Committee released a report, “Inquiry into 
Counterfeit Electronic Parts in the Department of Defense Supply Chain.” This report was issued 
after a year-long investigation that found counterfeit parts, mostly from China, flooding the 
defense supply chain. Much of the material used to make those counterfeits was electronic waste 
shipped from the United States and the rest of the world to China. The committee found that the 
Defense Department lacks knowledge about the scope and impact of counterfeit parts in the 
supply chain, that counterfeit parts cause risk to national security and our military persoimel, and 
that unvetted distributors and weaknesses in the testing regime for electronic parts create 
vulnerabilities in the supply chain. The FY2012 National Defense Authorization Act included 
provisions to address many of these weaknesses, including preventing the importation of 
counterfeit parts into the United States, and improving counterfeit avoidance practices. 

It is critical that we develop a better understanding of where electronics wind up after they leave 
our homes and workplaces. 1 look forward to learning from witnesses about challenges and 
opportunities to interject transparency into the disposal chain for electronics. Better data and 
transparency in the front end of disposal chain can both lead to more efficient and effective 
recycling efforts and decrease the likelihood of counterfeit parts entering supply chains. 
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Good morning Chairman Carper, Ranking Member Coburn, and Members of the Committee. 

My name is Kevin Kampschroer, and I am the Deputy Senior Sustainability Officiai at the U.S. 
General Services Administration (GSA). Thank you for inviting me to testify about electronics 
recycling and the opportunities this area provides for increased environmental stewardship by 
the Federal government. 

E-waste is the largest growing waste stream in the country. According to the most recent 
Environmental Protection Agency (EPA) estimates, more than five million tons of electronics 
were in storage,’ Of those, 2,37 million tons were ready for end-of-life management, yet only 
twenty-five percent were collected for recycling.” 

The Administration is committed to reducing e-waste and realizing efficiency by standardizing 
procedures across the government. As the world’s largest consumer of electronics — $80 
billion in FY 201 0” — e-waste is a significant opportunity for the Federal government. In 2009, 
the President issued Executive Order 13514 which, among other things, called for the Federal 
community to promote electronics stewardship. The Administration also established an 
Interagency Task Force on Electronics Stewardship (the Task Force) led by GSA, the 
Environmental Protection Agency (EPA) and the White House Council on Environmental Quality 
(CEQ). The President charged the Task Force with developing a National Strategy for 
Electronics Stewardship (the Strategy), which the Task Force released in 2011. 

Today, I look forward to discussing the development of the Strategy, its important tenets, and 
GSA’s efforts as a member of the Task Force to help enact those provisions to address this 
critical challenge. 


The Strategy — 

GSA has always had programs for the disposal of excess equipment, including electronics, but 
these programs were not designed with the specific challenges of e-waste in mind. Before the 
Strategy, there was no standardized government-wide plan to properly evaluate or dispose of 
electronics that could no longer be used as originally intended. 

To help develop the Strategy, the Task Force, made up of sixteen agencies,^ including GSA, 
EPA and CEQ, hosted several listening sessions with industry stakeholders (electronics 
manufacturers and recyclers), the non-governmental organization community. State and local 
governments and customer agencies. In addition, the Task Force solicited public comments 
through the Federal Register and Regulations.gov. The Strategy was released on July 20, 
2011 . 


’ http://www.epa.qov/osw/conserve/materials/ecvcllna/manaae.htm . Estimates are from 2009 Id 
^ Id. 

” GAO-12-74 Electronic Waste, page 1 . http://www.aao.aDV/assets/590/588707.pdf . 

'* For a full list of Task Force members, visit: 

http://www.epa.Qov/epawaste/conserve/materials/eevclina/taskforce/faa.htm . 
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The Strategy details the Federal government’s plan to enhance the management of electronics 
throughout the products’ lifecycie — from design to eventual reuse or recycling. 

The Strategy set forth severai items to be addressed over the coming years: development and 
publication of proper government-wide poiicy and guidance on the reuse and disposal of 
electronics including the use of certified recyclers for proper management of used electronics, 
acquisition of more sustainable electronics that can be easily reused and are designed to have 
a minimal end-of-life environmental impact, and transparency of newly-collected data regarding 
Federal government procurement, reuse, and disposal of electronics.® 


Reuse and Disposal of Electmnics — 

On February 29, 2012, GSA published Bulletin B-34 in the Federal Management Regulations, 
presenting a specific list of options to consider when excess electronics are identified. Excess 
electronics should first either be offered to other Federal agencies for reuse through GSAXcess, 
or transferred to schools and other educational organizations. In FY 2013, $32 million worth of 
equipment was transferred among agencies through GSAXcess and in the first quarter of FY 
2014, $2.6 million worth of equipment was transferred.® 

Through GSA’s Computers for Learning Program, agencies may transfer excess computers and 
related peripheral equipment to schools and educational nonprofit organizations.' In FY 2013, 
$72 million worth of equipment was donated through this program and in the first quarter of FY 
2014, $12.7 million worth of equipment was donated.® Approximately thirty agencies participate 
in GSA's Computers for Learning Program each year. 

Electronics not transferred through GSAXcess or donated to schools are declared surplus and 
are eligible to be donated through GSA's Federal Surplus Personal Property Donation Program 
to State and local governments and nonprofit organizations. In FY 2013, $4.6 million worth of 
equipment was donated through this program and in the first quarter of FY 2014, $513,000 
worth of equipment was donated.® 

Additionally, if electronics are not transferred or donated, the agency may sell, or, if a take-back 
provision exists,’” return the eiectronics to the originai vendor, GSA is incorporating these 


® The Strategy lists tour goals: (1) Build Incentives for Design of Greener Electronics, and Enhance 
Science, Research and Technology Development in the United States; (2) Ensure that the Federal 
Government Leads By Example; (3) Increase Safe and Effective Management and Handling of Used 
Electronics in the United States; and (4) Reduce Harm from US Exports of E-Waste and Improve Safe 
Handling of Used Electronics in Developing Countries. 

® GSAXcess. Valuations are based on original acquisition value. 

' Under E.O. 12999, agencies may also transfer computers and related equipment directly to schools 
® GSAXcess, 

® GSAXcess. 

“ GSA is incorporating some of these provisions in our contracts, such as in the Federal Strategic 
Sourcing Initiative (FSSI) Print Management Program 
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provisions into many of our contracts, and is also developing government-wide guidance about 
incorporating take-back requirements into all contracts. 

Under GSA’s policy, Bulletin B-34, non-functional electronics should ultimately be directed to a 
third-party certified electronics recycler and should not be sent to landfills or incinerators. 
Furthermore, all electronics recyclers listed on GSA's Schedules must be third-party certified.” 


Acquisition of More Sustainable Electronics — 

Another goal of the Strategy is to promote the purchase of green electronics to reduce their life 
cycle environmental impact. GSA continues to improve our contract vehicles in order to simplify 
Federal agencies’ acquisition of green electronics. 

Currently, there are over 120,000 Energy Star products offered across several GSA 
Schedules,’^ Focusing on Information Technology products, GSA is currently revising Schedule 
70 (IT Equipment) to encourage vendors to provide Energy Star and EPEAT-registered 
electronics. Additionally, used and refurbished electronics are already offered on Schedule 70 
— $50 million worth of used and refurbished electronics were sold in FYs 2010-2013 and $2.5 
million were sold in the first quarter of FY 2014.’^ 

Within the GSA Advantage online shopping portal, environmental icons (such as Energy Star) 
are used to show the various attributes of listed products. Additionally, GSA has developed an 
easy to use, web-based. Green Procurement Compilation tool which consolidates and displays 
products designated for Federal procurement by the EPA and the Departments of Energy and 
Agriculture as more sustainable. Each item’s listing includes the item’s environmental 
certifications, where to buy the product and how to find vendors through GSA’s offerings. 

In addition to the GSA Schedules, the National IT Commodities Program and the FSSI Print 
Management Program also offer Energy Star and EPEAT-registered electronics. Both solutions 
require vendors to report their sales of Energy Star and EPEAT-registered electronics. This 
reporting assists our customer agencies track their purchases of sustainable electronics. 

With GSA's internal acquisitions, we are committed to meeting the goals outlined in the 
Strategy. In FY 2013, we purchased $4.3 million worth of Energy Star and EPEAT-registered 
products from various GSA procurement vehicles. 


" Schedule 899 (Environmental Services). 

“ GSA Advantage. Energy Star products include: Copiers on Schedule 36 (Office, Imaging, and 
Document Solutions); Appliances on Scheduie 51V (Hardware Superstore); AudioAfisual equipment on 
Schedule 581 (Professional AudioAfideo Telemetry/Tracking; Reconding/Reproducing and Signal Data 
Solutions); Camera battery chargers on Schedule 67 (Photographic Equipment); and Refrigeration 
equipment on Schedule 73 (Food Service, Hospitality, Cleaning Equipment and Supplies, Chemicals and 
Services), 

” Schedule 70, 
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Additionally, we have been deploying Energy Star servers and workstations at GSA since 2001 . 
Servers and personal computers have been EPEAT-compliant since 2005 and EPEAT Gold 
since 2009, meaning that the equipment is built with reduced amounts of lead, mercury and 
other sensitive materials, incorporates recycled materials, and is manufactured in ways that 
simplify disassembly and reuse. 


Transparency — 

T ransparency is a crucial part of the Strategy and one of the most challenging aspects of the 
plan. Currently, although many e-waste recycling programs exist, there are no guidelines to 
measure their use government-wide. GSA, working with other Federal agencies, is considering 
a policy that will include a requirement for agencies to submit data for all disposed electronics. 
This data, which could be publicly available on Data.gov, would provide greater transparency 
into Federal agencies’ performance against the goals of the Strategy. 


Conclusion — 

The Federal government, as the largest purchaser of information technology in the world, has a 
unique responsibility to be a leader in the management and disposal of electronics. GSA plays 
an important role in helping agencies meet the goals set forth in the National Strategy for 
Electronics Stewardship, through policy guidance and responsible acquisition, donation and 
disposal of electronics. We have a lot more work ahead of us and hope to continue to make 
progress on this important issue. 

I am pleased to be here today, and I am happy to answer any questions you may have. Thank 
you. 
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UNITED STATES 


POSTAL SERVICE 


STATEMENT OF 

CHIEF SUSTAINABILITY OFFICER 
THOMAS G. DAY 
BEFORE THE 

COMMITTEE ON HOMELAND SECURITY AND GOVERNMENTAL AFFAIRS 
UNITED STATES SENATE 


FEBRUARY 27, 2014 


Good morning, Chairman Carper and members of the Committee. Thank you, Mr. 
Chairman, for calling this important hearing on recycling electronics. My name is 
Thomas G. Day, and I am the Chief Sustainability Officer of the United States Postal 
Service, a position I have held since June 201 1 . Working closely with departments 
throughout the Postal Service, our vendors, and the mailing industry, my team sets 
policies and assists in the areas of environmental compliance, sustainability, and energy 
initiatives. 


I am pleased to be here today to provide an overview of the USPS BlueEarth™ Federal 
Recycling Program (BlueEarth Recycling Program). This new program offers 
participating federal agencies and their employees a free and easy solution to securely 
and efficiently recycle unwanted lightweight electronic devices in an environmentally 
friendly way. Improper disposal of electronic waste is an acknowledged worldwide 
environmental problem, and this program aims to increase the percentage of used 
electronics that are recycled. Recycling used electronics also helps preserve and reuse 
strategic minerals that are in short supply. 

PROGRAM OVERVIEW 


Federal agencies can enroll in the BlueEarth Recycling Program to recycle unwanted 
small electronics and printer cartridges, free of charge, through the mail. Some 
examples of electronic items eligible for recycling include cell phones and accessories, 
laptops, tablets, and cameras. This program is designed to supplement an agency’s 
existing recycling programs. Currently, there are 11 participating federal agencies. There 
are no costs to agencies to implement this program, and there is a very simple process 
for them to launch it on a national level. The program has two components. Agencies 
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can recycle government-owned small electronics and printer cartridges at the agency 
location, and employees of participating agencies can dispose of their own personal 
small electronics and printer cartridges from home. 

The BlueEarth Recycling Program is web-based. An employee from a participating 
agency selects his or her agency name and the device information on the website. The 
individual then packages the device and prints a shipping label, free of charge, from the 
website. The shipping includes free package tracking. In the course of normal delivery, a 
postal letter carrier picks up the package while completing his or her route. A certified 
recycler receives the item, wipes the data as appropriate, and ensures it is either 
securely recycled or remanufactured for resale opportunities. The recycler receives the 
residual value of the recycled products, which funds the transportation costs via U.S. 

Mail to the recycler’s destination. 

The recycler is responsible for removing data associated with the electronic devices, 
wiping the data in accordance with the data sanitization standards of the National 
Association for Information Destruction (NAID) and the Department of Defense 
(Standard 5220.22-M). A certificate is issued confirming such action. 

Through the BlueEarth Recycling Program, federal agencies receive recycling activity 
reports with data to assist them in meeting the documentation requirements of Executive 
Order 13514. Under this executive order, U.S. agencies must employ environmentally 
sound practices for the disposition of all agency excess or surplus electronic products. 

USPS BlueEarth™ is a branded suite of customer services and product initiatives from 
the Postal Service designed to provide sustainability solutions and innovations to our 
customers. The Postal Service is perfectly positioned for this program because we are 
using our existing delivery network— making it a financially and environmentally-efficient 
way to recycle. Recycling programs help prevent e-waste from ending up in landfills, 
which can be dangerous to the environment and to human health. 

Besides providing the ability to simply, securely and cost-effectively recycle e-waste, the 
BlueEarth Recycling Program also increases mail volume and postage revenue. A short, 
informative video of the program can be found on YouTube (http://bit.Iv/1 h6mVSvl 
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PROGRAM SUCCESSES AND CHALLENGES 


The BlueEarth Recycling Program was launched in April 2013. Eleven agencies are 
currently enrolled, including the Postal Service. While we are encouraged by the number 
of agency agreements signed thus far, usage of the program has been low. Rather than 
continuing to pursue additional participating agencies, our current focus is on developing 
promotional and educational materials to expand the use of the program at these 
existing agencies. We plan to roll out this new promotional campaign this spring. 

So far in Fiscal Year 2014, the BlueEarth Recycling Program collected and recycled 
approximately 1 5,000 items. The most popular items being recycled have been printer 
cartridges and toner, smartphones, laptops, and cell phones. The most active agencies 
have been the Postal Service, followed by the Department of Energy and the 
Department of the Interior. 

In addition to the postage revenue the Postal Service receives for transporting recycled 
items, there is a profit sharing component of the program. The Postal Service and its 
recycler have an agreement to split any profits generated from the disposition of the 
recycled items. This profit is calculated after all costs associated with recycling have 
been accounted for. So far, no profits have been distributed, but we expect to turn a 
profit for the month of February, as the startup costs of the program were completely 
paid off in January. 

IMPACT OF PENDING LEGISLATION 


A study commissioned by the Postal Service showed a large potential market for 
electronics recycling by mail in both federal and consumer markets. There are some 
hurdles that stand in the way of full potential. Section 41 1 of Title 39 (US Code) restricts 
the work the Postal Service can do with commercial entities and state and local 
governments. Pending Senate postal reform legislation would allow potential expansion 
of the program to the state, local, and tribal government level. 
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CONCLUSION 


Mr. Chairman, we look forward to working with you and the rest of the Committee to 
expand the recycling of e-waste throughout the nation, and especially to take advantage 
of the Postal Service’s natural fit in its receipt, transportation, and delivery. This 
concludes my remarks. I would be pleased to answer any questions you may have. 



KEEP AMERICA 
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"Recycling Electronics: A Common Sense Solution 
for Enhancing Government Efficiency and Protecting Our Environment." 

Statement of Brenda Pulley, 

Senior Vice President of Recycling 
Keep America Beautiful 

Before the Homeland Security and Governmental Affairs Committee 
United States Senate 

February 27, 2014 


Chairman Carper, Ranking Member Coburn, and other members of the Committee, thank you 
for your interest in recycling - and for purposes of today - electronics recycling. 

In a society where each American produces 4.4 pounds of trash each day, there is a critical need 
to raise awareness and ultimately provide the motivation to change behaviors to position 
recycling as a daily social norm. 

My name is Brenda Pulley and I am the Senior Vice President for recycling at Keep America 
Beautiful. On behalf of Keep America Beautifu,! we appreciate this opportunity to re-ignite the 
dialogue on recycling and share information about how to increase recycling participation. 

Keep America Beautiful is a leading national non-profit organization that brings people together 
in their communities to transform public spaces into beautiful places. Whether it is a waterway 
cleanup, restoring a vacant lot or enhancing recycling, we work to build and sustain vibrant 
communities. Founded over 60 years ago, our legacy is based on executing actionable 
strategies in environmental education and behavior change. We are most known for helping to 
abate litter in the 60s and 70s, and while that is still much of our work, today we are also very 
focused on engaging individuals and businesses to reduce waste and recycle more. 

A challenge that spurs our work is the fact that the national recycling rate for municipal solid 
waste hovers at around 34% - and this is for typical household recyclable items like cans, 
bottles, other packaging material, yards trimmings etc. There are some estimates indicating 
that the recycling of electronics is around 20%. Whatever the exact number, we believe the 
recycling rates for electronics and other commonly generated waste materials can be made 
much higher. 
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while recycling is considered one of the easiest environmental behaviors for the general public 
to perform, it is actually riddled with complexities. 

To increase recycling of any goods, the key elements of a sustainable recycling market and 
infrastructure to collect and process material— have to be in place. Further, there must be 
market demand for the recycled materials to be used in the manufacture of new products. 

The good news for the electronics sector is that there is a market for the recovered scrap; this 
has led to investment to build the infrastructure to collect and process used electronics. The 
existing system has significant room for improvement, but it is important to note that the 
electronics sector has many market-based and technological factors at work to support the 
post-recovery economic use of electronic products. 

However, the critical link to electronics recycling is capturing these materials to feed into the 
recycling system, and doing this relies on businesses or individuals to take action. For 
individuals this means participating in a special drop off recycling event, or other drop off 
locations or mall in opportunities. Because the nature of the infrastructure for recycling 
electronic goods requires individual action, what we ask ourselves is "What can we do to make 
recycling second nature?" 

Behavioral psychologists indicate that recycling behavior can be positively influenced. Further, 
there has been some research conducted to date to identify factors that can most effectively 
encourage recycling behavior most effectively. 

Summarizing the research, surveys and "in the field" learnings to date, at KAB, we categorize 
three key areas for improvement as: 

• Convenience 

• Communication 

• Cause (make an emotional connection) 

Addressing the convenience factor has the greatest potential to increase recycling participation. 
We need to build better infrastructure to offer recycling opportunities proximate to the actions 
or behaviors that generate the recyclable material. So, using beverage containers as an 
example, this could involve placing recycling bins where the consumption will most likely occur, 
such as in office break rooms, at a local sports field, or at an airport. For electronics recycling, 
the challenge is even greater - you are trying to capture material that may have been 
purchased 7 years earlier not 7 minutes. The creation of easy access to recycling - such as at 
retail locations where consumers go to replace their obsolete electronics (Best Buy and Staples 
currently offers such collection) is an excellent example of overcoming the convenience barrier. 
Special collection events where you have a specific date and time of collection, often 
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accompanied with significant promotion about the event, have proven effective, particularly 
where other options are not readily available. One of our KAB affiliates in a Georgia community 
with a population of around 100,000 residents has been hosting used electronics collection 
events twice a year for 7 years. 50,000 - 70,000 pounds are collected at each event. 

Another key factor is better communication. Consumers need to be informed on what, where 
and when the material can be recycled. In recent consumer research KAB conducted, potential 
recyclers indicate they want easily accessible information regarding what and where to recycle. 

While consistent and clear information can make it easier to recycle, there is evidence that 
increasing knowledge doesn't mean individuals are motivated to engage in the behavior. We 
recommend that information and knowledge be combined with a "cause" or making it matter 
to recycle to induce behavior change. It is critical to strike the emotional chord with 
consumers. And, at Keep America Beautiful that is the approach we have taken in our most 
recent efforts. 

In partnership with the Advertising Council, we recently released a national advertising 
campaign designed to motivate Americans to recycle every day. Based on our consumer 
research, we learned that when people understood that they could give their garbage another 
life - help it become something new, they wanted to take the extra step to recycle. Thus the 
campaign is based on the theme: "I want to be recycled” and each ad provides examples of 
what a plastic bottle, an aluminum can, and so on can become when recycled. I invite the 
committee members to find out more about the campaign and encourage their municipalities 
to utilize the campaign assets which are located at: http://iwanttoberecycled.org/ 

In addition to convenience, communication and cause there are some other known strategies 
that have been identified as effective at changing behavior, A few of these include: goal 
setting, social modeling and commitment. 

There is research evidence that indicates that making a commitment to take an action -the 
more specific and public the better - results in an increase in that action. 

Additionally, there are several studies that indicate social modeling or norming has great 
potential to increase pro-environmental behavior (much of this work has been done in the 
health and energy sectors). For recycling, the most powerful social norms are those that are at 
the same time both ubiquitous and deeply ingrained. Take the example of the seat belt - it is 
simply what we do because our society expects us to do it and has created many touch points 
to remind us to do it. Or for a recycling example, a study conducted among 600 households on 
curbside recycling - when residents were provided descriptive normative feedback - 
information about the percentage of their neighbors that had recycled that day and the amount 
of material recycled - there was a 19% increase in recycling among the residents. 
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As stakeholders interested in increasing recycling -we are taking these learnings and further 
apply them. For example, at Keep America Beautiful, in addition to conducting new behavioral- 
based research, we strive to incorporate these known approaches in our various national 
recycling programming - America Recycles Day, or our programs targeted to certain sectors - 
schools, college campuses or recycling at work. For the members of this Committee, as public 
officials, you have a powerful role to lead by example and be seen recycling, or talk about 
recycling in a positive way to your colleagues and constituents. 

Now before I get to a few recommendations for your consideration, I would like to add that 
used electronics recycling has an additional unique aspect that influences how recycling is 
perceived by consumers. Specifically - electronics have a perceived value. That perceived 
value causes people to store their old televisions, computers and printers in basements and 
garages rather than readily recycle them. So we do need to identify ways to overcome this 
barrier to recycling. For example, when purchasing a new laptop there could be prompts on 
the packaging, prompts on the new product instructions about recycling the obsolete product, 
better yet, that sales person when selling a new product can prompt the new purchaser on the 
recycling of the old product. These kinds of prompts at point of purchase and knowing that the 
used electronics will be recycled can help overcome this "perceived value" barrier. This is also 
an interesting aspect about a partnership between Dell and Goodwill Industries. Goodwill 
locations are now drop-off points for not just clothing and other household Items, but also 
electronics. Not only is it more convenient for donors to bring along their used electronics for 
donation as they are dropping off other household items, donors know that their used 
electronics will go to good use. Thus making it easier to donate them for reuse and recycling. 

Yes, while a simple action, recycling is complex and the recycling of electronics has some unique 
factors to consider. Flowever, we have the benefit of a growing body of behavioral and market 
research, and, while there is more to learn, there are informed approaches we can take now to 
increase recycling participation by motivating environmental behavior. Flere are some 
recommendations: 

Recommendations: 

1. Increase awareness to make recycling a daily social norm: 

For members of the committee to lead by example, such as to talk about 
electronics recycling and the importance of using a certified recycler to ensure proper 
handling of the data and equipment. Attend electronics collection events that occur in 
your states, publicly pledge to recycle and invite your constituents to do the same. 

Encourage municipalities to use the national "I want to be recycled" campaign to 
raise awareness and make that emotional connection to recycling. 

2. Engage the industry - manufacturers and retailers: Encourage OEMs and retailers to 
continue to make recycling collection more accessible and to provide information about 


4 



43 


recycling embedded throughout their various communications with consumers -- in 
advertising, on product packaging and set of instructions, at point of purchase, etc. For 
example - when you go to buy a new electronic good - you are asked if you have one to 
recycle. 

3. Design products for recycling; Encourage OEM's to factor in end-of-life recyclability of 
new products and packaging. 

4. Conduct a study; Conduct a study specific to identifying the barriers for individuals to 
recycle electronics and approaches on how to most effectively overcome those barriers. 

Thank you to the members of this committee for the opportunity to share information 
regarding what we know about engaging individuals to recycle more. I look forward to further 
exploring actions that can be taken to increase recycling participation and answer any questions 
you may have at this time. 
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Before the Committee on Homeland Security and Governmental Affairs 
United States Senate 

Recycling Electronics: 

A Common Sense Solution for Enhancing Government Efficiency and Protecting 

Our Environment 

Statement of Walter L. Alcorn 

Vice President of Environmental Affairs and Industry Sustainability 
The Consumer Electronics Association 

February 27, 2014 


Introduction 

Senator Carper, Senator Coburn and Members of the Committee: 

My name is Walter Alcorn and I am the Vice President for Environmental Affairs and 
Industry Sustainability for the Consumer Electronics Association® (CEA). 

The Consumer Electronics Association (CEA) is the technology trade association 
representing the $208 billion U.S. consumer electronics industry. More than 2,000 
companies enjoy the benefits of CEA membership, including legislative advocacy, 
market research, technical training and education, industry promotion, standards 
development and the fostering of business and strategic relationships. CEA also owns and 
produces the International CES - The Global Stage for Innovation. All profits from CES 
are reinvested into CEA’s industry services. Find CEA online at www.CE.org . 
www.Declarelnnovation.com . www.GreenerGadgets.org and through social media. 
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By extending information and entertainment to everyone - regardless of ineome or 
geographic location - our members’ products have improved lives and changed the 
world. America stands as the global leader in innovation, ingenuity and creativity, and 
the competition and falling prices characteristic of our industry continue to bring benefits 
to consumers. 

We understand that a primary responsibility shared by manufacturers of consumer 
electronics lies in product design. The innovation and rapid evolution inherent in the 
technology industry have resulted in dramatic design changes in product form and 
function, and a decrease in our industry’s overall environmental footprint with smaller 
and lighter products. 

Advances in technology have been accompanied by large reductions in the consumption 
of energy, fewer materials of potential concern, and other positive environmental 
benefits. The big television that used to sit on the floor in a wooden console now hangs 
safely on the wall with two or three times the viewing area and a far superior picture 
quality - and using a fraction of the electricity. And the personal computer system that 
eame in multiple, heavy pieces now goes with you wherever you go - and might even fit 
in your poeket. 

Furthermore, manufacturers use significant amounts of recycled content, such as glass, 
plastics and metals, in the production of new devices. Detail of these and other 
environmental initiatives in the consumer electronics industry are highlighted in the CEA 
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2013 Sustainability Report provided with this written testimony and available at 
www.ce.org/sustainabilitv . 

Electronics Recycling Goals 

While older consumer electronics (CE) may have reached the end of their lives or be out- 
of-date, many contain materials and components that would be a waste to be completely 
discarded. Most consumer electronic products contain valuable materials, such as metals 
and plastics that can be resold in the commodities market by recyclers, 

CE manufacturers and retailers recognize this and support electronics recycling efforts 
like never before. In April 201 1 a dozen leading CE companies met at the Best Buy store 
on Wisconsin Avenue in Washington, DC to create the eCycling Leadership Initiative 
and issued an unprecedented national challenge to recycle responsibly one billion pounds 
of electronics annually by 2016 - the “Billion Pound Challenge.” Achievement of this 
stretch goal would be a three-fold increase over the amount of CE recycled by our 
industry in 2010. Backing up this commitment is the issuance of annual reports on our 
industry’s progress, which we have published the past two years (attached to this written 
testimony and available at www.ce.org/ecvclel . and the third annual report scheduled for 
this April. 

Electronics Recycling Results 

In April 2013 CEA reported 580 million pounds of CE recycled responsibly by our 
industry in third-party certified recycling facilities - an increase of 25 percent over the 
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previous year and about halfway to our billion pound goal. Our manufacturers and 
retailers provide more than 8,000 public, ongoing collection locations around the country 
- all of which can be found through an online zip code locator created by CEA at 
OreenerGadgets.org . CEA also created and distributed public service announcements for 
radio and television, reached out to consumers through traditional and social media on 
numerous occasions, and incorporated full implementation of a national recycling system 
into our organizational goals. According to a 2012 CEA survey 63 percent of all 
consumers know how and where to recycle their old electronics - up from 58 percent two 
years earlier, still not high enough but moving in the right direction. 

In 2013 CEA published the second annual report of the eCycling Leadership Initiative 
and recognized 13 companies for their leadership in recycling consumer electronics. Last 
fall CEA awarded the first industry eCycling Leadership Awards to four companies with 
exceptional recycling performance - Best Buy, Dell, HP and Samsung. CEA salutes 
these and other companies in our industry that are working to make recycling electronics 
as easy as purchasing new ones. 

Challenges 

Collecting used electronics for recycling continues to present the largest operational 
challenge. According to our research the average household contains 28 distinct 
electronic products, and re-aggregating these products when they are ready for the 
electronics collection and recycling systems continues to be a daunting challenge. 
However, two new hurdles have emerged during recent years. 
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First is the patchwork of diverging state electronics recycling programs and laws. 
Exactly half of the U.S. states have enacted some form of electronics recycling mandate 
and, unsurprisingly, no two states have the same program. For CE manufacturers there 
are now 21 separate registration forms to fill out, 19 different annual state registration 
fees to pay, 15 state-specific annual recycling reports to file - all with different calendars 
and deadlines - and lots of wasted energy and resources going towards administrative 
activities instead of collection and recycling. We need a national framework for 
electronics recycling in the United States and CEA strongly supports legislation 
authorizing an industry-driven, harmonized system for recycling consumer electronics. 

Second is the market challenge for recycling leaded glass from old Cathode Ray Tube, or 
CRT, televisions and computer monitors. Until about a decade ago the demand for old 
CRT glass to make new CRT displays was strong. However, as is common in our 
industry, new and better technologies like LCD, plasma and LED hit the market and have 
displaced the older, lower-quality CRT technology. CRT sales plummeted and now there 
is only one factory in the world producing new CRT displays. Not surprisingly this has 
meant much weaker demand for recovered CRT glass. 

CEA has recognized this and in May, 2013 hosted a cross-stakeholder meeting at CEA’s 
offices to daylight and discuss the current operational and regulatory situation for 
recycling CRT glass. CEA also has co-sponsored two crowd-sourcing challenges to find 
new recycling approaches and applications for CRT glass, first in conjunction with the 
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Environmental Defense Fund (EDF) in 2012 and again last year in partnership with the 
Institute for Scrap Recycling Industries (ISRI). Winners of these challenges included a 
CRT glass processing system from NuLife Glass - who is now building a CRT 
processing facility near Buffalo, New York - and a proposed solution from an 
independent scientist for using recycled CRT glass as a component for vitrification of 
nuclear waste. While CEA recognizes that these technologies and applications hold 
promise much more needs to be done to promote these and other approaches to ensure 
adequate market demand for CRT glass. 

How to Increase Responsible Recycling 

CEA recommends the creation of a national, harmonized industry-driven framework for 
recycling consumer electronics to facilitate more efficient electronics recycling. A 
national framework should be structured to maximize the use of market forces and ensure 
a level playing field across CE manufacturers, incorporate the ideal of share 
responsibility for key system functions like collection and consumer education, ensure 
that recycling is done responsibly, and result in convenient collection opportunities for 
the consumer. In lieu of a blanket federal mandate CEA recommends a federal 
framework that authorizes implementation of a harmonized, cross-state consumer 
electronics recycling system in specific states when mutually agreed to by a CE industry 
representative organization and state officials. CEA and its members are working to 
develop the operational infrastructure for an industry representative organization and look 
forward to working with this Committee and others in Congress to improve the U.S. 
system for recycling consumer electronics. 
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The federal government should also set a good example by ensuring that all federal e- 
waste is responsibly recycled. And to help address shortfalls in the CRT recycling 
market, the federal government should step up procurement of materials such as recycled 
CRT glass whenever the economics make sense, is safe and environmentally sound, and 
function of those recycled materials meets government specifications. 

Conclusion 


Finding a solution to this public policy challenge is a priority for CEA and our industry. 
As we continue to make strides in eco-friendly design initiatives, lead the consumer 
electronics industry on environmental issues and be a part of the effort to educate 
consumers about electronics recycling, CEA stands ready to work with Congress and all 
interested parties to reach a common-sense, national solution that makes recycling as 
convenient as possible for all Americans. 

Thank you again for the opportunity to share CEA’s position on this important public 
policy issue. I look forward to addressing any questions you may have. 
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Unprecedented National CE Recycling Effort 

The eCycling Leadership initiative is a nationwide effort by the 
consumer electronics {CE} industry to achieve sev«-at key goals: 

• Improve consumer awareness of the available cdiection sites 
currerrtiy sponsored by our industry: 


eCycling Leadership initiative Participants 
The second year of the initiative included increased participation 
from major CE manufacturers and retailers. This year, the qualifying 
companies are listed in tiers based on the relative ievel of their 
recycling efforts. 


• increase the amount of electronics recycled responaWy to one 
billion pounds annually by 2016; 

• Increase the number of collection opportunities avalaWe to 
consumers: and 

• Provide transparent metrics on eCycling efforts. 

The eCycling Leadership Initiative represents a collaboration 
between consumer electronics manufacturers, retalers, collectors, 
recyciers, non-governmental organizations and governments at ail 
levels, spearheaded by CEA, 

Bfliion Pound Challenge 

As part of the eCycling Leadership Iniflative, on April 1 3, 201 1 . CEA 
and a dozen leading consumer electronics companies issued an 
unprecedented national challenge to recycle one billion pounds of 
electronics annually by 2016 - the “Billion Pound Challenge.” 

National issue Needs National Approach 

Electronics recycling Is a national issue that merits a national 
approach. In order to promote transparency of our metrics related 
to this effort, CEA is publishing this second annual report to 
measure the progress of the eCycling Leadership initiative in 2012 
from 201 1 . The first annu^ report can be found at CE.org/sCyGle. 
We plan to continue to report on our progress in the coming years 
regarding the eCycling Leadership Initiative and the Billion Pound 
Challenge. 

Making Recycling Easy 

CEA research confirms that a household in the U.S. has an average 
of 24 CE products in the home, and consumer electronics are 
widely used in virtually every community in the United StSes. 

Given the widespread marketplace penetration of CE products, 

CEA supports a national approach to eCycling to make recycling 
electronics as easy as purchasing them, for all consumers, in every 
state in our nation. 


The following companies distinguished themselves in the recycling 
of consumer electronics in 201 2: 


Initiative Leaders (top performers who operate at the 
frighest level of effort) 





initiative Performers (initiative participants who operated at 
a high level of effort) 


OFUnai 

Panasonic 

SHARR 


tej»01 /0,!5 l3 


Initiative Participants 


LO 


TOSHIBA 

Leading Innovation >» 


CEA applauds these companies for demonstrating leadership in 
the responable reckling of used consumer electronics. For more 
information on this initiative, please go to CE.org/eC;/cle. 
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More than 8,000 Collection Locations 

There are now more than 8,000 locations available to consumers in 
the U.S, These locations include retail stores that recycle electronics 
such as Best Buy and Staples, local government ates and ctialfies, 
processing centers, and other recycling drop off locations that 
are sponsored by consumer electronics manufacturers and 
retailers. In April 201 0, CEA estimated that CE manufaclurK^ 
and retailers sponsored approximately 5,000 ongoing drop-off 
locations for consumers to recycle their old electronics. These 
locations are induded in search results from the 2 ip code locator on 
Gr'BenerCjadgets.org. 



585 Million Pounds in 2012 

In 201 2. our industry arranged for more than 585 million pounds 
of consumer dectronics to be recycled. That is an increase of 
more than 25 percent over 201 1 {460 million pounds), and a total 
increase of almost 100 percent over 201 0 (300 miiiion pounds), 

To catcul^e these industry-wide totals, CEA collects recycling 
data from manufachjrer and retailer programs and aggregates the 
results. 


When manufacturers and retailers have the freedom to choose their 
recyders they do so wifli great care. By the end of 201 2, 99 percent 
of eCyciing by our eCyding Leadership Initiative participants was 
conducted in third-party certified recycling facilities, 

GreenerGadgets.org for Consumers 

In the fall of 201 1 , CEA launched GreenerGadgets.org to educate 
consumers about eCyciing and energy consumption. The site was 
created to help make the process of recycling electronics as easy 
as possiWe for consumers. By simply punching in a zip code, 
consumers can locate the closest responsible recycling opportunity 
sponsored by the CE industry and/or third-party certified recycler. 

GreenerGadgets.org provides a widget for managers of other 
websites to use the dp code locator on their websites at no oharge, 
By utilizing the GreenerGadgets widget, you help to educate 
people on how to properly recycle used electronics and help 
ensure reusable resources do not go to landfills or get dumped in 
developing countries. 


CEA has promoted the site through online ads, social media and 
traditional media outreach. CEA will continue with these efforts, as 
well as with the cultivation of meaningful partnerships to promote 
^ectronics recycling. 


RecyclebQrt 


Recently, CEA formed a partnership with Recyclebank, an innovative 
online rewards site with more than four million members, 
Recyclebank members will be able to earn rewards points for 
recycling electronics through the GreenerGadgets.org recycling tool. 
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Chaiienges and Opportunities 

Beyond the ongoing challenge of collecting old or unused CE 
products located in virtually every household in the country, the 
industry is seeking ways to recycle and find new uses for rtd 
cathode ray tube (CRT) glass. 

As CRT technology has been displaced in the tdeviaon and 
computer market by liquid crystal display (LCD), light-emitting 
diode (LED) and plasma displays, the demand for dd CRT glass 
to make new CRT glass has waned. Since CRT glass is now the 
largest portion of the CE recycling stream, there is a greater need 
for new, environmentally sound, economically sustainable uses 
for this material. To identify financially viable, environmenfetfly 
conscious proposals for using recycled cathode ray tube (CRT) 
glass, CEA partnered with the Environmental Defense Fund in 2012 
to create the CRT Challenge, a crowdsourcing initiative to find new, 
innovative ways to recycle this glass. 


Future Years 

As consume electronics companies continue to ramp up recycling- 
related arSvities in 201 3 and beyond, CEA will broaden outreach 
efforts to consumers about where they can recycle their old 
electroriics resporrsibly. Visit GreenerGacigets.onj for information and 
opportunibes on how to participate in this industry-wide recycling 
inibative. 

Suggestions for how we can improve the eCyciing Leadership 
initiative and meet our Billion Pound Challenge are welcome. Send 
comments to W^ter Alcorn, CEA vice president of environmental 
affairs and irvfustry sustainability, at wai(;on:RK!E.{>rg. If you are 
a member of the media interested in these issues, please contact 
Samantha Nevels, CEA coordinator of policy communications, at 
soeve!s©CE.org. 





Leading in Ways Big and Small 
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International CES Attendees « 



About The Consumer Electronics Association 


The Consumer Electronics Association (CEA)* is the 
technology trade assodation representing the $203 biion 
U.S, consumer electronics industry. More than 2,000 
companies enjoy the benefits of CEA membership, 
including legislative advocacy, market research, technical 
training and education, industry promotion, standards 
development and the fostering of business and strategic 
relationships. CEA is the industry authority on market 
research and forecasts, consumer surveys, legislative and 
regulatory news, engineering standards, training resources 
and more. CEA is also engaged in consumer education and 
collaborative partnerships to help meet the challenge of 
building a more sustainable and eco-efficient tomorrow*. 

CEA owns and produces the International CES* - 
The Globa! Stage fo»' Innovation, the world’s largest 
innovation event. Each year the International CES brings 
together more than 150,000 retail buyers, distributors, 
manufacturers, market analysts, importers, exporters 
and press from 150 countries. Find more about the 
international CES® at CESweb.org. Find CEA online at 
CE.org. and DecSarehnovation.com. Find information 
on CEA's environmental programs and policies at 
CE.org/green and GreenerGadgets.org. 
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Consumer electronics companies and CEA are leveraging the power of innovation to help build a more 
sustainable tomorrow. 


■" g; SusttlBitble -Pfodyet Ufe'Cyde 


Creating more sustainable products requires continuous improvement at every phase 
of the product life cycle - to reduce environmental impacts, lessen power usage, conserve 
resources and enhance recycling at end of life. 


3 , 1 S'iistaSfvabie Operations 


Consumer electronics companies today are taking a leading role to design facilities, 
processes and supply chains that are more resource efficient, that require less energy 
and water, and that produce less waste. 



By leveraging the power of innovative technology and harnessing the talents of thousands 
of leaders and front-line personnel, our industry is working to address some of the bi^est 
challenges facing people and communities. 
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Our world faces significant opportunities and challenges in building a more 
sustainable planet. Consumer electronics (CE) companies and CEA® are 
leading the way with a wide range of initiatives - big and small - to leverage 
the power of innovation to reduce the environmental impacts of our industry. 


CE products play a vita! and unprecedented rote in 
today's world. Our products educate, inform, entertain 
and connect people around the comer and around the 
globe. No longer is information simply generated from 
above and disseminated to the masses - information 
is created and shared in all different directions in 
transformative ways. 

Great features and applications are not enough to 
ensure the long-term success of our industry. We are 
committed to embedding sustainable practices in how 
products are designed, manufactured, distributed, 
sold and handled at their end-of-life. 


Each year brings new scientific and engineering 
breakthroughs to make products more ener^ 
efficient, less resource-intensive and more recyclable. 
Consumers increasingly desire innovative, eco-friendly 
products, and the CE industry is delivering. TTiis report 
highlights company-specific initiatives and achievements 
since our last CE industry sustainability report in 2010. 
This report also highlights key sustainability areas like 
electronics recycling. Leveraging new partnerships, 

CE manufacturers, retailers and others are working 
with governments. NGOs and stakeholders to incr^se 
significantly the recycling of consumer electronics, in 
20!!, CEA announced the eCyciing Leadership Initiative 
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to increase the amount of consumer electronics being 
recycled to one billion pounds annually by 2016. So far, 
our industry is on track, recycling 585 million pounds 
of CE in 2012. The CE industry also believes that the 
quality of recycling is just as critical as the quantity, so 
we are committed to using vendors that employ only 
the highest recycling standards, including third-party 
certification systems R2® and e-Stewards®. 

One of CEA's most important roles is to channel the 
commitment and expertise of our members to tackle 
environmental and resource challenges. CEA organizes 
industiy working ^ups and mufti-stak^older consortia 
to collect data, develop industry standards and measuns 
industry performance to advance sustainability and under- 
stand environmental impacts, in late 2012, fer example. 
CEA, the Nedionai Cable & Telecommunications A^ociation 
(NCTA) and 15 industry-leading video providers and 
device manufacturers signed an unprecedented Set-Top 
Box Energy Conservation Agreement that will result in 
annual residenti'al electricity savings of $ 1 .5 billion or more. 

In addition. CEA released a comprehensive study of 
CE energy use in U.S. homes in late 2011 and will issue 
a revision of this welt-received report in the near 
future. CEA also created a muttistakeholder group 
to revise test procedures for measuring power 
consumption for televisions and set-top boxes. 

The emergence of new tools for consumers to find 
such products is an exciting industry development. 

The U.S. Environmental Protection Agency's ENERGY 
STAR® program continues to guide consumers toward 
more energy-efficient products. Since 2011. all tdevisions 
sold in the United States must display an EnergyGuide 
label that quantifies energy use in terms consumers 
understand: dollars per year. 

CEA also plays an expanding role in consumer 
education. CEA’s GreenerGadgets.org website informs 
consumers and users of CE products about how they 
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can mate smarter choices that save energy, reduce 
waste and ensure responsible recycling at end-of-life. 


CEA's role as the producer of the international CES® 
serves as not only the focal point for global innovation 
but ^so a case study for how to bring more than 
150,000 people together sustainably with fewer 
environmental impacts. CEA is setting an example by 
recycling more than 75 percent of show materials, and 
repurpo^ng CES badge holders for future use. it's an 
ideal example of how smart and small decisions can add 
up to big wins for communities and the environment. 


The Set-Top Box Energy Conservation Agreement 
will result in annual residential electricity savings of 

$1.5 billion or more. 


Leveraging the brightest minds in our industry and 
working collaboratively with a broad range of stake- 
holders. CEA and our industry partners continue to 
launch initiatives and forge partnerships that provide 
innovative and sustainable solutions for consumers, 
communities and our planet. 




Gary Shapiro 

President and CEO 



Walter Alcorn 

Vice President Environmental Affairs & industry Sustainability 



Douglas Johnson 

Vice FVesident, Technology Policy 
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Bringing together stakeholders with diverse interests but 
common goals is the essence of collaboration -- and at 
CEA we consider it essential to achieving progress. That's 
why we have been a driving force behind initiatives 
diat bring together business, government, the scientific 
community, nongovernmental organizations (NGOs). 
consumers and other stakeholders to meet the 
challenge to build a more sustainable future. 


CEA has also been a leader in bringing together many 
of the brightest minds inside and outside our industry 
to develop standards, testing protocols and processes 
to measure and report the environmental and social 
impacts of electronics. Our efforts support ground- 
breaking research to measure efficiency improvements 
of electronic devices -- analyses that can help guide 
even greater improvements going forward, 


Many of the most effective solutions with the broadest 
impact are voluntary programs - initiatives that harness 
transformative technology to drive efficiency and 
reduce environmental impacts. For example. CEA and 
CE companies have long been strong supporters of 
the U,S. Environmental Protection Agency’s ENERGY 
STAR program. In the more than two decades since 
its inception, ENERGY STAR has achieved dramatic 
savings in energy use and reductions in greenhouse 
gas emissions. In addition, CE companies have embraced 
the principles of affirmative procurement through 
tools such as the Electronic Product Environmental 
Assessment Tool (EPEAT) • and deliver tens of millions 
of EPEAT-certified products to consumers and business 
customers each year. 


Whether it is by acting jointly with the National 
Cable & Telecommunications Association (NCTA) 
to greatly increase the efficiency of set-top boxes, 
or working side by side with retailers, recyclers and 
state and local governments to significantly expand 
electronics recycling, our commitment to collaborating 
for the public good will continue. These partnerships 
are crucial in order to meet the sustainability challenges 
before us. There is much more we can achieve together 
Going forward, CEA is committed to continuing to 
graw its leadership and serve as a catalyst for change 
and progress. 


’jiw 

:j 5* .-?!«* ' 



A7frk» PVank- 





63 


CEA 2013 Suscainability Report 


9 


Bigger Capabilities, 
Smaller Impacts 





Each of us has within our grasp the opportunity to improve our 
world - sometimes in small ways centered on our individual 
choices and lifestyles -- and at other times through decisions that 
can positively impact others and on a big scale. 

For leaders in the CE industry, the opportunity to create a 
better world starts by asking important questions "yiat address 
every phase of the product life cycle: How do we expand 
capabilities while reducing environmental impacts? Can we 
add features while lowering power usage? What’s the best 
way to reduce material inputs and conserve resources during 
manufacturing and shipment? What new technologies allow us 
to create products that use more recycled materia! - and also 
make them more recyclable at end-of-iife? Are there better 
strategies to reduce the amount of CE products entering the 
waste stream? 

Finding answers to these questions, and many others, is the 
ongoing focus of CE designers, engineers, sustainability experts, 
marketers and front-line personnel. Our journey remains far 
from complete, but throughout our industry exciting progress 
is underway. 
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Sustainable Product Design 


Achieving greater eco-efficiency starts at the earliest 
phases of product design. A deliberate design imp>erative 
is necesMry in order to develop CE solutions that require 
fewer resources, use less power, reduce or eliminate 
toxic substances and can be readily recycled at end of 
life, increasingly, CE companies employ Life Cycle 
Assessment (LCA) as one of several valuable Design 
for the Environment (DfE) tools to guide better choices 
from the earliest stage of product development. 

The LCA methodology helps product designers 
better understand the environmental impact of raw 
or recycled materials, manufacturing processes, 
component selection and packaging. LCA insights reveal 
the most meaningful opportunities for improvement -- 
changes that will truly "move the needle" in the effort 
to achieve greater eco-efficiency. 

Design also influences how recyclable a product will 
be once it reaches the end of its operational life. More 
and more, CE product engineers and designers weigh 


those considerations as they select materials and 
assembly techniques - decisions that can facilitate easy 
disassembly and reclamation of product components, 
years after the device was manufactured. 

In the past, and before new technoio^es displaced 
older ones like cathode ray tube technology, toxic 
substances, including lead, mercury, arsenic, cadmium, 
obsolete brominated flame retardants (BFRs) and 
others, could routinely be found in CE devices and/or 
their packaging. Industry innovation as well as more 
stringent government regulation around the world has 
led to a dramatic reduction in materials of concern in 
CE products. CEA has developed an important tool, 
the joint Industry Guide (JIG) - Material Composition 
Declaration for Electrotechnical Products, to help 
facilitate compliance with these restrictions and with 
material disclosure requirements across the global 
supply chain. (To learn more, visit CE.ofg/jlg) 


A More Sustainable Life Cycle 
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Plastics play an integral role in most CE devices. 

They are used in cases, covers, internal structural and 
mechanical parts and in multiple other applications. 

In some CE product portfolios, plastic can constitute 
25 percent of the materials contained in devices. 

Virgin plastics and resins are derived from petroleum 
and natural gas - requiring the extraction of those 
natural resources and generating C02 emissions 
in the process. Reducing the use of virgin material, 
and increasing the use of recycled plastic (from both 
postconsumer and postindustrial sources) represents 
a big opportunity to enhance eco-efTiciency. CE 
companies are implementing an array of strategies to 
rapidly expand the use of recycled material. Companies 
like Samsung ilectronks - which in one year more 
than quadrupled the percentage of recycled plastics in 
its products - are achieving meaningful results. 

As the industry continues to increase its use of 
recycled plastics, a gating item is the need to ensure 
that recycled materials deliver the strength, durability 
and other performance characteristics required in 
sophisticated electronics devices. For Sony, the work 
of their engineers to develop SoRPIas (Sony Recycled 
Plastic) is expanding the possibilities of recycled 
material - and bringing the company closer to its 
goal of a zero environmental footprint. 

SoRPIas has proven to be a viable alternative to virgin 
polycarbonate plastic. In this innovative manufacturing 
process, plastic scrap from leftover optical discs, 
transparent sheets and used water bottles is crushed, 


washed and converted to SoRPIas. Traditional recycled 
plastics cont^n about 30 percent recycled material. 
Setting the bar higher, in SoRPIas the recycled content 
can be as high as 99 percent ~ and the one percent 
remainder includes Sony's original flame retardant 
that provides superior flame resistance while diminsting 
the need forbrominated flame retardants (BFRs), This 
breakthrough material can be found today in Sony’s 
digital still cameras and other Sony products. 



The HP De^qet 3050A e-Ali-in-One contains 25 percent 
postconsumer recycled plastic. HP is also reducing the 
amount of material reaching the waste stream through a 
“closed-loop” recycling process in whkh original HP ink 
and LaserJet toner cartridges are reduced to raw materials 
that can then be used to make new cartridges as well 
as other metal and plastic products. In just two years, 

HP shipped 600 million inkjet cartridges containing 
recycled plastic derived from this process. 
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Devices that are smaller and lighter are also more 
resource efficient - that’s why reducing product 
mass can create significant environmental benefits, 
CE designers and engineers are focused on bringing 
to market a new generation of products that have 
big features but require fewer resources to build 


ond reduce GHG emissions during manufacturing. In 
additton. industry research and development teams are 
exploring the vast potential of nanotechnology, which 
holds long-term promise for creating solutions that 
require significantly less virgin materia! input. 



HPThin Client, HPrtlO 
HP (s taking important sb'ides to use materials 
more efficiently through innovations in tech- 
nology and p-oduct design. For example, HP 
TTiin Oient computing devices can require up 
to 50 percent less material to produce than a 
traditiona! HP desktop PC. They deliver true 
PC-like performance for remote or cloud 
computing environments. 


Panasonic AW-HEI20 

Used for teleconferencing, sports, goemment 
video and other applications. Panasonic's 
HD rotatable integrated camera oflers a 
solution that is 60 percent smaller in size 
and mass compared with the conventional 
model. Equipped with broadcast-quality 
sensors, digital signal processing and a hi^- 
performance lens, the camera’s reduced 
size and mass also improves its pan and 
tilt functionality 


Sony X8A-NC8SD 

In the past, conventiohai noise-cancelling 
headphones required a cord-mounted 
control box to house components such as 
a processor and microphone. Sony found 
a more elegant solution - smaller and lifter 
lieadphones that relocate these components 
into the ear bud housing. The design also 
saves resources by eliminating the need for 
replaceable batteries. 
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Since its inception in 2006, industry and consumer 
acceptance of the Electronic Product Environmental 
Assessment Too!® (EPEAT) - the Green Electronics 
Council's global rating system for environmentally 
preferable electronics - has grow'n exponentially. 
Initially designed primarily as a tool for procurement 
professionals in business and government settings. 
EPEAT ratings today are used by growing numbers of 
individual consumers. In 2011 more than 532 million 
EPEAT-registered products sold worldwide. 

Using the IEEE 1680 industry standards developed 
by a cross-section of stakeholders during the past 
decade, the EPEAT system measures electronics 
products according to moj'e than 50 required and 
optional life cycle performance criteria. Bronze. Silver 
and Gold ratings are reached based upon meeting 
ascending numbers of these checkpoints. These 
measures include design, production, energy use and 
recycling, among others. Importantly, all manufacturer 
claims are validated by ongoing independent verification, 
including unannounced, publicly reported audits. 

Although used to date primarily as a purchasing 
tool for institutional buyers, the potential for EPEAT 
in the CE industry is exciting. Today approximately 
50 manufacturers are EPEAT participants. In the 
United States, at the end of 20 i 1 there were nearly 
3,000 individual products registered. That number is 
expected to continue to gnow rapidly; in 2012 and 
2013 new IEEE standards were adopted to include 
imaging equipment and televisions. 


EPEAT-Registered Products U.S. Sales Growth 

2006-2011 [in millions] 


The environmental benefits of EPEAT purchasing 
have been significant. The Green Electronics Council 
calculates that in the United States in 201 1 EPEAT 
purchasing reduced the use of toxic materials by 1 ,053 
metric tonnes, and greenhouse gas emissions by more 
than one billion metric tonnes of carbon equivalent. 
Those totals are commensurate with removing nearly 
750,000 average passenger cars from the road for a 
full year. 



!n 20!2, Best Buy customers purchased more than i.S million 
EPEAI-qualifled products - energy savings equivalent to powering 
nearly 15,000 homes for one year. 




68 


Read the Screen, 
Save the Trees 


CEA 20S3 Sustainability Report 


14 


8 


Sustainable 

T 

o 

a. 


g 

SR 


n 

w 



it’s a simple idea with a powerful impact. Migrating the 
content of product guides and operating manuals from 
analog to digital formats greatly reduces the need for 
voluminous printed materials *- conserving resources 
and eliminating the energy and GHG emissions 
required to produce them. From manufacturers of 
smartphones, cameras and televisions to publishers of 
electronic games. CE companies are finding smarter, 
greener ways to convey information to those who 
use their products. For some devices, that means 
shrinking the printed manual to a basic overview of 
features, with more detailed product information 
embedded in the device or available via the internet. 
For other products, printed manuals have been 
eliminated altogether. 


LG Electronics, for example, replaced the hard 
copy manual for its S5>pe smartphone with an entirely 
online edition. Televisions are also fertile ground for 
this trend. As TVs gain new capabilities and features, 
their printed manuals have aiso expanded - sometimes 
to hundreds of pages. Not only is moving this content 
to a digital format preferable from an environmental 
perspective - it also makes information easier to find. 

In its current line of HD televiaons, Samsur^ incorporates 
e-manuals, available on screen, that provide answers 
to most consumer questions. Some Sony BRAVIA™ 
LCD TV models include an i-manuai button on the 
remote, which allows the user to view a list of help 
topics and makes information instantly available. 

The potential for resource savings is not restricted 
to operating manuals for CE devices alone. With their 
light weight, long battery life and expansive memory 
capacity, today's tablet computers are proving to be 
an ideal solution to replace bulky - and financially ar>d 
environmentaliv costiv ~ oaoer manuals. 
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An important characteristic of ecologically sound 
product design is planning for how a device can be 
responsibly recycled at end of life. Choices of materials, 
components, fasteners, device architecture and the 
recycling technology ultimately employed all will play a 
role in determining the degree to which resources in a 
device can be reclaimed. 

Close collaboration between manufacturers and 
recyclers can help product designers gain a better 
understanding of the current challenges in recycling 
electronics. For some CE companies, training programs 
are in place to enable personnel to learn by dismantling 
an end-of-lrfe devfce themsdvs. This hands-on ej^rience 
helps design engineers gain deeper insights into how 
future products can be made more recyclable. Techniques 
tike marking the number and jx>s!tion of screws, and 
labeling the materials and fiame retardants used in 
plastic parts, can ail contribute to easier reclamation. 

HP is one of many CE companies targeting greater 
recyclability in the design of its products. HP designs 
products to use common fasteners and snap-in features 
and to avoid applying glues and adhesive welds where 
feasible. These measures make it easier for /^cyders 
to dismantle products and to separate and identify 
different plastics. Most HP PCs are more than 90 percent 
recyclable by weight, and workstations and the Elite and 


Pro series desktop PCs have a chassis that can be easily 
disassembled for upgrade to extend product life and 
for recycling at end of life. 

For Dell, dose collaboration with recyciers helps 
guide the selection of materials that can ultimately be 
reclaimed. The Deli XP5 13 Uttrabook™, launched in 
fiscal 2012. uses an innovative polymer-reinforced carbon 
fiber base that helps keep it coni to the touch. Before 
entering final design and production. Deli worked with 
its recycling and asset recovery partners to ensure this 
new materia! would meet the recydability criteria for 
new green label standards such as IEEE 1680.1. 
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Extending the Life of Existing Electronics 


There is perhaps no better way to reduce waste 
and conserve precious resources than to lengthen 
the operating life of CE products currently in use A 
single smartphone may contain 50 different chemical 
elements - many of which are not economically viable 
to recover during recycling. Finding ways to repair, 
refurbish or update these devices is both economically 
sound and environmentally smart 

DIRECTV is one company at the forefront of this 
effort. Central to the company’s operating model is a 
commitment to refurbish used equipment recovered 
from customers' homes. That approach reduces the 
number of new receivers built and the resources required 
to produce and ship them. In fact DIRECTV refurbished 
more than eight million receivers and 650,000 pieces of 
other electronic hardware in 20 12 alone. 

America's largest electronics retailer, Best Buy. 
is playing an important role to help extend the life of 
existing devices. The company's Geek Squad® repair 


service extends tfie life of products and reduces the 
volume of electronics reaching the waste stream. 

Best Buy has also invested in one of the most in-depth 
parts catalogs in the repairs industry. The Best Buy 
PartStore™ offers nearly five million new and used 
parts available to technicians and customers in the 
United States and Canada, including access to parts 
taken from nonworking units. 

iFIxit is a socially motivated, dynamic company that 
also serves as the hub of a global repair community ~ 
thousands of technicians and volunteers woi'king 
together to make the world better by teaching people 
how to fix things. iFixit offers toots and parts, and 
leverages tiie expertise of its community to produce 
thousands of repair guides for hundreds of devices - 
phones, computers, game consoles, tablets, cameras 
and more. And regular "tear down" analyses provide 
consumers with detailed assessments of how 
repairable or recyclable a new device will be. 


Sustain able 
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The beauty of green packaging is the echo chamber of 
positive effects it creates from the factory fioorto the 
consumer's home. Smaller, lighter and nwre efficient 
package designs not only require fewer resources to 
produce - their benefits resonate throughout the 
supply chain. These packages require fewer ships, 
planes, railcars and trucks to transport; less space in 
warehouses, distribution centers and retail locations; 
reduced waste after purchase; and less energy at every 
step of the process. 

For CE companies, shrinking packaging mass and 
volume is a key focus. So, too, is reducing environmentally 
unfriendly content and expanding the use of recyded 


and renewable material. Best Buy is committed to 
a goal to eliminate packaging materials that are 
considered toxic or create challenges in the material- 
recovery processes, in fiscal 2013, the company 
eliminated an additional 12 million tons of PVC plastic 
from rts retail packaging and more than 20 tons of 
expanded polystyrene foam from its Exclusive Brands 
TV packaging. For Best Buy that approach also means 
choosing, whenever possible, paper-based materials 
rather than plastic, eliminating or reducing PVC, using 
poslindustrial and postconsumer recycled cardboard, 
and applying nonsolvent coatings and organic inks, 
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By sourcing packaging materials from unexpected 
sources like bamboo, mushrooms and wheat straw, 
0«ll has become a leading innovator in sustainable 
packaging design. This breakthrough strategy to 
leverage fast-growing, renewable organic material is 
aligned to help meet the company’s ambitious goal - 
to create a waste-free packaging stream by 2020, 
Achieving this objective requires: 

• That ! 00 percent of Del! packaging be 
sourced from sustainable materials or 
material that was formerly part of the 
waste stream: and, 

• Ensuring that 1 00 percent of Dell packaging 
is either recyclable or compostable at the 
end of its life. 

Dell launched its renewable packaging initiative 
with bamboo. Sourced in China near its manufacturing 
facilities, bamboo is used to create cushions and trays 
for laptop and tablet products. Actually a type of 


woody grass, bamboo is rapidly renewable -- and 
can regrow at a rate of more than one inch per 
hour. The materia! is also highly recyclable and can 
be treated like cardboard at the recovery stage. 

What if you could leverage natural processes to 
grow packaging rather than manufacture it from 
petroleum or natural gas? That's the big idea behind 
Dell’s mushroom-based packaging. The company’s 
team worked with sustainable packaging innovate}' 
Ecovative Design to develop mushroom packaging 
for Dell servers. The product is grown using mycelium, 
a fungal network of threadlike cells that is combined 
with agiicultural waste like cotton hulls. Within a sveek. 
strong, durable packaging material emerges from 
this organic process - perfect for cushioning and 
bracing Dell’s valuable high-performance servers. 

After its work is done, the mushroom packaging 
is fully compostable. 

In 2013 Del! added to its renewable packaging 
portfolio when it announced it will begin using a new 
sustainable material - wheat straw - in its cardboard 
boxes for ratebooks originating in China. Many Chinese 
farmers currently treat this byproduct of wheat 
harvesting as waste and bum it for disposal, contributing 
to environment^ degradation. Deli will incorporate the 
straw in its boxes, starting with 15 percent by weight 
ramping up as operatieva scale. The remainder of the box 
will primarily come from recycled content fiber. During 
pulping, the wheat straw goes through an enzymatic 
process - modeled after the way cows digest grass - 
that uses 40 percent less energy and almost 90 percent 
less water than traditional chemical pulping. 
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MeadWestvaco’s N«raJoek® utilizes a tear-resistant paperboard 
that is as durat^e mkJ secure astraditiona! clamshells - but much 
more eco-efficient. NatraJock packages use 70 percent less plastic 
and require 55 percent l«s energy to manufacture. And they 
prowde consumers with an easy and safe opening experience. 



In 2012, LG Eteccronies set new guidelines 
to reduce the weight and volume of packaging 
virfiile increasing reuse and recycling and 
launched a new green packaging development 
process. The results were immediate. For 
new TV products released in 2013, LG was 
able to reduce packa^ng materials by nearty 
five percent - despite increased product size -■ 
and packaging materials in mobile phones by 
more than 20 percent. 


By designing the packagir^ fw tt>e Sony* VAIO S 
series so that each component serves two 
functions. Sony succeeded in trimming the 
number of packaging components used and 
shrinking the package size, thereby reducing 
the total package weight. Both the Inner and 
outer boxes are designed to be reusable. 



HP is collaborating with suppliers of 100 percent recycled foam 
cushions to broaden industry adoption of these materials - and 
build the infrastructure to recycle them. The company worked 
with Sealed Air Corporation, a major provider of recycled 
padcagng foam, to expand its “dosed-loop" recycling process 
globally. Toi%, HP commercial desktop PCs in North America 
are packaged with foam cushions made from iOO percent 
recycled plastic content. 
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Big Features, 

Smaller Power Needs 

Sustainable Product Use 


Consumer electronics devices enhance our daily lives in 
many respects - providing entertainment, information 
and connecting us in ways that enrich our personal lives 
and make our work more productive. Those robust 
capabilities also require electricity. Yet, considering that 
the typical American household contains 24 electronic 
devices, ft is pertsaps surprising that a study by Fraunhofe- 
USA found that CE devices account for only 13,2 percent 
of residential energy consumptior^ in the United States- 

Throughout the CE industry and acnoss every 
product category, the drive for even greater energy 
efficiency in devices is underway - and achieving 
i-csuits, A product that consumes less power costs 
consumers less to operate and accounts for fewer 
GHG emissions during its lifespan. 

Today, engineers and designeit are focused on 
several clear targets of opportunity for power savings. 
These include reducing or eliminating power needs in 
standby mode, improving the efficiency of power 
adapters and charging devices, and developing a new 
generation of processors and other components that 
require less electricity. 


Manufacturers of game consoles, for example, 
have increased en«^ efficiency through smaller chips 
which require less posverand diminish the need for 
Other components designed to address heat remediation, 
aich as fens, radiating fins and insulation. Current models 
of ai! three console systems demonstrate lower energy 
consiumprtion than previous versions. Today’s Mferosoft 
Xbox 360 uses less than half the energy of the 2005 
launch model for game play and navigation mode. The 
current Sony PlayStation* 3 mode! uses just around 
35 percent as much power for game play mode and 
navigation nxide as its 2006 predece^or. The Nintendo 
Wii, which has the lowest energy usage of the three 
systems, uses 22 percent less power in active gaming 
and 43 percent less power in standby mode than the 
2006 Wii model. 



75 


CEA 2013 Sustainabilitjr Report 


21 


^ointed in the Right Direction 


_ 8 _ 

Sustainable 

*o 



n 

5" 

Televisions are by far the largest source of power usage These changes, and others, are earning big energy 
among C6 residential devices ~ representing slightly sawngs dividends for consumers. A 20! ! study by TIAX 
more than one-third of the energy required by CE found that between 2003 and 2010. active mode 

products in American homes. Today's digital sets have power density in LCD TVs fell by 63 percent, and the 

much larger screen sizes than the cathode ray tubes study’s measurement for standby mode showed even 

(CRTs) of a generation ago, yet in many cases, today’s greater reductions of 87 percent. Plasma models 

flat panel digital sets consume less energy than their showed comparable reductions: active power demands 

analog predecessors. Toda>’'s digital televisions also feR by percent while standby power dropped by 

include features like HD, 3D and Internet connectivity. 85 percent. 

As a result of the work of CE product engineers, the Increased consumer awareness of power-efficiency 

digital models reaching consumers today are achieving performance is also driving progress. The U.S, Environ- 
much higher levels of energy efficiency, mental Protection Agency’s (EPA) ENERGY STAR 

Engineers have developed improved technologies Program began qualifying TVs in 1998. and in 2011 
to make the display panel more efficient. In plasma consumer educabon was further enhanced when the 

applications those improvements include optimizing the U.S. Federal Trade Commission (FTC) initiated 
xenon/neon gas mixture, driving drojits, electrodes and EnergyGuide labels for TVs with support and participation 
the panel cell structure. In LCD and LED applications. by the consumerelectronics industry. These informative 
enhancements produced better management of image labels describe a model's estimated yearly energy cost 

contrast, with blacker blacks - and darkened areas that and provide a comparison to the annual energy cost of 
require less power draw. Every digital TV operates on other televisions with similar screen sizes, 
direct current (DC) intern^iy - and a DC power supply 
must convert the AC power supplied by the utility grid. 

Advancements in power supply design, better power 
management algorithms and other improvements today 
are lessening internal power losses. 
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The Power of Innovation | , 
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it'^ not only TVs that are becoming more energy efficient CE companies are ■£ 

leveraging breakthrough technoiogy to reduce power requirements in devices 

big and small. 



Greener Ways to Cool 

Power6dge 12th generation servers inciude significant new 
features for energy-efficient computing. A notable enhancement: 
reductions m fan power during normal server operation. !t now 
takes less power to cool the PowerSdge R720 server than rt 
does to run a t^icai nightiight. 


cm 

Smarter Power. Longer Battery Life 
In 201 1, AMD launched a new class of 
pracesson the APJ. which integrates 
3 central processing unit (CPU) with 
a discrete-level graphics pi'ocessor onto 
a single chip. This breakthrough architecture 
makes computing applications such as 
n'Kiltimedia. productrvrty and simulations 
run faster, allowing PCs to transition to 
lower-power idle/sleep/off states for 
longer periods of time, Other power 
savings features include AMD AllDay™ 
power deagned to extend notebook 
battery life, A carbon footprint study 
conducted by AMD found the integrated 
APU design provides an average 40 percent 
savings in GHG emissions, as compared to 
previous-gerieration products that were not 
integrated on a single chip. In 2013, AMD 
introduced "system on a chip" APUs for 
tablets and other mobile computing devices 
that provide additional power savings- 



The Sweet Sound of Savings 
Sony engineers applied their R&D talents 
to take advantage of a NASA discovery; 
n-agnetic fluid, a liquid that can be attracted 
by a magnetic field. Sony’s consumer 
application? The world’s first speakers to 
replace traditional dampers with magnetic 
fluid suspension. Found in Sony’s Btu-ray 
Home Theater System, the speakers 
consume approximately 35 percent less 
power than traditional designs* - white 
deitvenng great sound. 

•Energy consumption of magnetic fluid speakers 
alone, c^pared to that of conventional spealcers 
at equivalent volume of •’2d0 noise level. 



How Low Can You Gof 
Panasonic's Blu-ray Disc Recorder 
Thoughtful product design has enabled 
Panasonic to bring to market an 
exceptionally energy-efficient Blu-ray disc 
recorder, the DMR.-BRT220. its annual power 
consumption is only 18.9 kWh - or less 
than 2.2 watts per hour of operation. The 
recorder’s energy efficiency, resource savings 
and recycling-oriented design helped it earn 
the demanding Eco Mark designabon from 
the japan Environment Association, a rating 
standard aligned with the requirentents of 
ISO 14020 and ISO H024. 
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When fully implemented, the Set-Top Box 
Energy Conservation Agreement will 
produce annual residential energy savings 

of $I.S billion or more. 


What does it take to make one of today's most essential 
CE devices more energy efficient? For CEA and its 
industry partners, it’s a new kind of collaboration - 
bringing together industry leaders with a unified crwn- 
mitment to drive down energy costs for consumers 
and reduce GHG emissions. 

Today's set-top box (STB) enables a wide variety 
of digital services in millions of American homes every 
day, These devices receive and decode signals for 
playback on televisions, and many incorporate features 
such as high-definition programming, video on demand, 
digrtal video recording (DVR) and even home networking. 
STBs offer powerful capabilities - but they have, until 
now. also required surprisingly large amounts of electrical 
power. In fact, on a per-unit basis, cable set-top boxes 
rank third in power consumption among CE devices - 
exceeded only by televisions and desktop computers. 

In 2012 CEA worked in concert with the National 
Cable and Telecommunications Association (NCTA) 
and the nation’s top cable, satellite and telco providers 
and with STB manufacturers to launch a major new 
initiative to drive significantly higher levels of STB 
energy efficiency, just how big is this voluntary 
commitment? When fully implemented, the Set-Top 
Box Energy Conservation Agreement will produce 
annual residential energy savings of$!.5 billion or more. 


Achieving those savings required an ambitious 
approach. The voluntary agreement requires that at 
least 90 percent of all new set-top boxes purchased 
and deployed after 2013 will meet EPA ENERGY STAR 
3.0 effidency levels. The initiative also calls for cable 
operators to download "light sleep" capabilities to 
more than 10 million ajfrently installed DVRs, for telco 
operators to offer fight sleep functionality, and for 
satellite providers to include an automatic power- 
down feature in 90 percent of STBs deployed. 

These engineering and performance improvements 
are particularly important since many legacy devices, 
which are configured to continuously communicate 
with the service provider, draw simitar amounts of 
pov^r whether in active or off/standby mode. Newer 
designs that incorporate hardware ^d firmware 
enhancements that reduce power draw meaningfully 
improve environmental performance and reduce 
operation costs. 

The 15 signatories of the agreement indude !0 of 
the largest service providers as well as the largest 
STB manufacturers: Cisco^ EchoStar Technoiogies 
and ARRIS. We were excited to help forge this 
partnership, which will produce billions of dollars in 
energy savings and significantly reduce GHG emissions. 
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It's not only manufecturers and retailers that are leading 
the drive toward greater eco-effidency in consumer 
etectronics. Across the United States, installation and 
integration professionals are playing an important 
role by helping residential and commercial customers 
identify sc^utions and strategies to reduce energy 
consumption and operate more efficiently, 

in Maryland, Sethesda Systems is meeting a 
growing demand for solutions that save energy through 
more efficient lighting, climate control and sophisticated 
systems to enable remote systems monitoring. Bethesda 
Systems Co-founder Jon Stovall's deep interest in green 
solutions allows him to help customers meet their 
energy-effid<mcy goals. 

Small buanesses and residential customers alike have 
found that the savings can be profound. At a popular 
Beitsesda sports bar, outdated lifting was both costiy 
and labor-intensive - with employees replacing up to 
15 bulbs per week. After a comprehensive LED retrofit 
installed by Bethe.sda Systems, the.tavern benefited 
from reduced maintenance and better-quality light - 
and meaningful energy savings. Energy costs were reduced 
by $5,000 a year and, thanks to utility rebates, the 
project achieved a seven-month return on investment 


Strewig partnerships with local utilities enable Bethesda 
Systems to offer customers advice on how to maximize 
ther energy savir^s incentives. 

Residential customers can also lev&^ge new technology 
to reduce energy usage, so Bethesda launched the LED 
Diet, an enterprise that helps homeowners transform their 
resdence into a high-efficiency home. LED “Dieticians” 
research and test hundreds of LEDs to find the very best 
bulbs and fixtures and offer comprehensive services that 
can prosHde increased energy efficiency every hour of 
every day. 

Dan Fulmer CEO and Founder of ^Teeh Soiuttons. 
uses his company's Jacksonville, FL. headquarters to 
spread the message to ojstomers about the opportunities 
fry greater eco-effidency. Their showrtxvn/office serves 
as “Exhibit A" of the potential of innovative new 
monitoring and control technologies. The completely 
integrated system includes access control, security, HVAC, 
audio, video, digital signage and more, Crestron smart 
sensors adapt to individu^s' habits and “know" v^en to 
shut off office LED lights. “When our customers visit, 
we can show them how little interaction is needed with 
our building management system. Passivity is key: the less 
interaction required, the better energy management 
systems will work. We, people, tend to forget filings," 
said Fulmer. 

The FulTech headquarters has earned an ENERGY 
STAR score of 96. increasing from 9 1 . since 2009 
installation, and the company spends only $250 a month 
in utilities for 5,000 square feet of office space with a 
small warehouse. Fulmer has replicated this high-tech 
system for several customers, and market interest 
continues to grow, "It’s our own unique design, and a 
real-world example of what can be done when a system 
is properly integrated and programmed." 
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Never More Ways to Save 


10,000 organizations 

in ENERGY STAR FS-ogram 


1.8 tsilllon tons 

of GHG emissions prevented 


$230 billion 
saved in utility bil 


In 2012 the U,S. Environmental Prot^ion Agency's (EPA) 
ENERGY STAR program, a voluntary energy-efficiency 
initiative, celebrated its twentieth year of saving consumers 
ntoney while protecting the environment. At every step. 
CE companies have engaged as strong partners of this 
program, one that has served as a catalyst for positive 
change to protect our environment and human health. 

2012 EPA data reveaJs that the environmental benefrts 
from the ENERGY STAR program have nearly tripled 
in the last decade. More than 18,000 organizations are 
partners in the program, working coHaboratively to 
prevent more than 1.8 billion tons of GHG emissions 
and saving over $230 billion in utility bills in 2012 atone. 

ENERGY ST.-^R arms consumers and business 
customers with unbiased, objective snfojTnation to 
l>etter infontf their purchasing decisions, it is clear that 
consumers have responded: more than 4.5 billion 


ENERGY STAR products have been purchased since 
1993. Moreover, public awareness of the program and 
its value is high, A 20i2 research study commissioned 
by the Consortium for Energy Effider\cy reported that 
87 percent ofU-S. households recognized the ENERGY 
STAR label - making it one of the most valuable brands 
in U.S. mat'kets. 

The program's strong recognition and credibility 
have had a strong influence on consumer purchasing 
decisions. A 201 1 CEA consumer research study found 
that 85 percent of consumers said energy consumption 
was “important" or “very important” in making their 
purchase decisions - surpassed only by price and 
features in their decision making. 
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Saluting Top Performers 

!n the second annua! refjort of the cCyclir^ Leadcrdt^ Irntianve in 2013. we recogpiied five leaders - tc^ 
performers who operate at the highest level of effort ^address the eCycling challenge: 





CE devices play an increasingly important role in our 
daily lives - in fact, research shows that approximately 
24 separate electronic devices can be found in the 
typical U.S, home. Laptops, Blu-ray players, game 
consoles, smartphones and tablets - they perform 
diverse functions but ail share a common future - they 
wit! eventually reach end of life. With rapid product 
development cycles and robust consumer demand 
for the latest capabilities and features, the challenges 
associated with e-waste are changing nearly as fast as 
CE technologies, 

Individually, many CE manufacturers and retailers 
have implemented high-impact programs to eiicourage 
the diversion of their products from the waste stream 
at end of life. At CEA, we support and applaud those 
efforts - but we also know more needs to be done, 
and on a collective basis. 

In 201 1 that recognition drove the creation of the 
eCycling Leadership Initiative. It is an unprecedented 
national CE recycling effort structured to achieve 
several key goals: 

•Improve consumer awareness of the 
more than 8.000 available collection 
sites currently sponsored by our 
industry, which can be found on 
CEA’s www.GreenerGadgets.org: 

• Increase the amount of electronics materials 
recycled responsibly to one billion pounds 
annually by 2016; 

•Increase the number of collection 
opportunities available to consumers; and 


• Prtjvide regular, transparent metrics on 
eCycling performance. 

Spearheaded by CEA, the eCycling Leadership 
initiative represents a unique collaboration between 
consumer electronics manufacturers, retailers, 
collectors, recyders, nongovenimental organizations 
and governments at all levels. 

A National Approach to a National issue 

Consumer electronics are widely used in virtually 
every comniunity in the United States. Given the 
widespread marketplace penetration of CE products. 
CEA supports a national approach to eCycling. We 
are working to make recycling electronics as easy as 
purchasing them, for all consumers in every state in 
our nation. 
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Sait Lake County, UT, like many other American 
communities, is seeking new solutions to the challenge 
of proper collection and processing of electronic 
waste. Successful diversion of this materia! from the 
waste stream requires both effective public education 
and the infrastructure and capacity to responsibly 
recycle end-of-!ife electronics. 

At CEA we believe that voluntary, collaborative 
partnerships between industry, government and 
community stakeholders offer tiie best path to reach the 
goal we all seek - keeping electronics out of landfills 
and maximizing the responsible recycling of end-of-life 
material. Today, Salt Lake County’s partnership with 
Samsung Electronics is demonstrating just how 
successful that approach can be. And it may serve as 
a national model of what can be accomplished when 
industry and government woiic together. 

Through this innovative p^tnership, Samsung provides 
support for the Salt Lake County Health Department’s 
(SLCHD) e-scrap activities that serve a community 
of ( ,8 million people in the Salt Lake City (SLC) area. 

The company supports collection operations at five 
pemwient locations. The collabcvative program between 
SLCHD and Samsung also includes 17 one-day public 
e-waste collection events, including curbside pickups, 
held throughout the community each year. Some everts, 
such as the one which takes place at the University of 
Utah in April, include incentives for participants - such 
as sweepstakes for free Samsung products for those 
who sign the ENERGY S'fAR pledge, which reminds 
pledge takeis to consider ENERGY STAR when purchasing 
consumer products. ENERGY STAR is a climate-change 
mitigation program that creates opportunity for consumers 
to help the environment, while reducing energy 
consumption and costs for consumers through use of 
high-quaiity, energy-efficient products. 


According to Ctorothy Adams, who directs the 
Health Department’s Household Hazardous Waste 
Program, pubffc reaction has been strong for the 
county's e-waste initiabves and the prize drawings 
associated with the ENERGY STAR pledge, “Very seldom 
do people come into government offices w'ith such 
excitement, happy to win a Samsung product from 
the recycling event and ENERGY STAR pledge drive. 
We got many emails saying that it was a nice touch that 
they were rewarded essentially for taking the time to 
responsibly recycle their electronic scrap." said Adams. 

In 2012, the county cdlected more than half a million 
pounds of electronic waste - constituting about 42 percent 
of the program’s hazardous household waste volume 
for the year. Consistent public education about the 
environmental benefits of eCyding is a strong program 
component. ’’Our volumes continue to grow, and as 
we make it more convenient we collect more materia," 
said Adams. 

Mike Moss, Director, Corporate Environmental and 
Regulatory Affairs for Samsung Electronics America, 
said the company’s commitment to Sait Lake County 
and to its broader recycling program "emerged out of 
the strong efforts of SLCHD to partner with Samsung to 
solve the e-waste issues in a collaborative and effective 
manner. It's all about a shared responsibility, everyone 
working together to create a solution. We believe that 
reaching out to the community through programs, like 
our e-waste program with the greater Salt Lake City 
area through SLCHD, offers a great opportunity to 
create positive business and environmental results for 
the area, and for Samsung." 

Added Adams. "Samsung has been a wonderful 
partner. We look for that partnership to continue, 
because it is meeting a very important need in our 
area. We see this as a real model, and we're hopeful 
it expands to other communities in the state." 
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Number of eCycling Locations Nationwide 

increased 60 percent in three /ears 



Assuring Responsibility at Every Step 

Collecting increasing volumes of e-wastc is oniy the first step 
toward conserving resources and preventing environmental 
damage. Today, too much of our domestic e-waste is 
exported overseas and into the informal sector - often in 
developing nations where it is processed in ways that damage 
the environment and public health. CE companies like 
Best Buy, Samsung and many others are setting higher 
sta ndards for the p rocessing of waste by collectors and 
recyclers. These and many other CE. companies are requiring 
as an initial screen that their recycling partners be certified by 
e-Stewards, R2 or both - third-party entities that establish 
standards for responsible handling of recovered materials that 
draw heavily from manufacturer/vendor due diligence and 
auditing processes pioneered during the 1990s and 2000s. 
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Pounds Collected by CE Industry 


Increased 95 percent in three years [in 

millions] 
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in ftscai 2013, Best Buy collected end responsibly 
recycled 96 million pounds of consumer electronics. 
But what happens behind the scenes when a 
consumer brings in. for example, an old desktop 
computer to their local Best Buy store? After the 
unit is brought in, it is boxed for shipment to one 
of Best Buy's recycling partners - each provider 
must have earned certification by either R2 or 
e-Stewards. At the recycling facility, components 
are sorted into various waste streams. 

The keyboard heads straight to the shredder, but 
other components require more processing. The 
CPU's hard drive is removed and connected to a 
device to erase all its data. As an additional step to 
ensure data privacy, the drive is snapped with a hole 
punch to destroy it. Only then is it directed to the 
shredder with other CPU components. The high- 
tech shredder uses sophisticated technology to 


separate the steel, aluminum and precious metals 
from the plastic. Meanwhile, the CRT is saw cut 
along the frit line, and the panel glass is removed 
from the funnel glass and the frit before the bare 
CRT is crushed. The glass pieces are cleaned, 
then both streams are crushed for eventual 
smelter processing. 

Visit here (insert video link) to learn more about 
what goes on behind the scenes in Best Buy’s 
eCyding operations. 


In fiscal 2013, Best Buy coilected and 
responsibly recycled 96 million pounds 
of consumer electronics. 


84 


CEA 2013 Sustainability Report 


30 


Sustainable 



Mew Life for Older Devices 


Another important contributor to diverting CE pxxiucts 
from the waste stream is a robust secondary market for 
used devices. Several CE companies are taking the lead 
to help grow this burgeoning retail sector- which in 2011 
was estimated to be worth $13 billion in annual sales. 

Through buybacks, trade-ins. refuftiishments and 
resales, consumers have the opportunity to monetize 
their old devices, and purchasers can access technology 
more inexpensively. Moreover, through secondary 
market activity, hundreds of thousands of products 
do not reach iandfiils or recycling collection centers. 

In 2012. NextWorth, a technology and recommence 
company, collected more than 350,000 devices nationwide. 
NextWorth provides omni-channel trade-in programs 
for leading retailers and OEMs including nearly 1,500 
locations at Tai^ stores nationwide. In 2013, NextWorth 
will collect between 750,000 and one million devices 
and has collected more than two million devices 
since inception. 

SHghtstai' operates global device buyback and 
trade-in programs, offered through major wireless 
operators and retailers. And Bos* Buy manages a 
portfolio of refurWshed products, available at Best Buy 
stores or through secondary markets. 

When electronics are repurposed, individuals 
and companies are understandably concerned about 
hard disk drives that often contain sensitive data, 
such as financial records, soda! security nuinbers or 


medical files. Solutions offered by companies such as 
Aleratec, Inc. address this problem. Aleratec's hard 
disk drive duplicators permanently delete sensitive 
information from used hard drives. Using Secure Erase 
ortiiird'party-certified overwrite technology, the data 
are completely sanitized, thus preventing confidential 
information from falling into the wrong hands. And tiie 
duplicators offer a more sustainable alternative to hard 
disk drive destruction. 



$13 billion estimated sales 
of used devices in 20 M 



SustainaWe Operations 
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Leading the Drive 
Toward Eco-Efficiency 



As we confront the challenge of climate change, what needs 
to be done Is dear - but not always easy to achieve. For the 
CE industry it means we must perform our work more eco- 
efficiently - discharging less carbon into the atmosphere as 
we deliver on the promise of ever more capable technology 
to inform, educate and entertain millions of consumers here 
and around the world. 

To that end. many CE companies have taken a leading role 
to design facilities, processes and supply chains that are more 
resource efficient, that require less energy and water, and that 
produce less waste. This effort includes a large and growing 
commitment to energy from r-enewable sources. It also 
encompasses more efficient transportation for products and 
for the people who design, manufacture and sell them. And it 
means investing to boost efficiency at the massive data centers 
that are crucial to connecting our wired worid. 

Today and in the years ahead, bold, continuous innovation will 
be the key fector as our industry strives to find new ways to 
deliver greater value while continuing to reduce or eliminate 
harmful environmental impacts. 
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Across the CE industry, leaders are making smart choices to operate more 
sustainably - in their facilities and throughout their logistics and operations. 
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Googling a More Sustainable Commute 
Google has bu#t a green iran^rtation s>'Stem incorporating 
biodiesel shuttle buses and ibe l^est corporate electric vehicle 
charging infrastrucftjre in the United States. GFIeet - a car-sharing 
program for emptc^«es - indudes the newest generation of plug-in 
vehicles. Ccxrtbined. these efforts result in a net annua! savings of 
more than 5.400 metric tons of C02 - the equivalerit of avoiding 
40 million vehicle miles. 



Hyper-Efficient Data 

HP's award-winning WynyaitJ trade data center is powered by 
too percent renewable energy - and is one of the most efficient 
general-purpose data centers in the worid. Features such as ambient 
air cooling, white walls and a reflective roof add to its high levels of 
energy efficiency. 


Less Running on Empty 

8est Buy has reen^neered its fleet operations to 
reduce “empty miles" ~ the distance driven with 
no products on a truck - by back-hauling e-waste 
to distribution centers, where it is collected by 
the company's recycling partners, in its first year 
of implementation, the initiative reduced empty 
miles traveled by more than 560,000. 

Designed for Conservation 
The Plantpontcs’ Santa Cruz. CA, headquarters was 
designed to meet the standards of California's Savings 
by Design program. At the facility low-flow plumbing 
fixtures, waterless urinals, drought-tolerant plant materials 
and a smart irrigation system combine to conserve 
550,000 gallons of water per year. 


An Investment In LEED 

Now under construction in Newark, NJ, Panasonit's 
new U.S. headquarters is being built to the exacting 
environmental standards of the U.S. Green Building 
Council’s Leadership in Eneigy and Environment^ Design -- 
LEED. The externa! shell of the facility will be LEED- 
certifted Gold and the interior will be LEED Platinum. 

Renewable Leadership 

As part of Samsung's parbcipation in the EPA's Green 
Power Partnership , Samsung purchases more than 
25 percent of its power (more than 25.5 GWh) from 
renewable energy sources. Included in this mix is an 
array of solar panels on the rooftop of its Rancho 
Dominguez. CA, facility, 'A^ich generates more power 
than the fadirty consumes. 

AMD's newest data center, located in Alpharetta. GA, 
was awarded a LEED Commercial Interiors certification 
and was powered by 100 percent renewable wirfo energy 
in 2012, 
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Data centers have been with us since the advent of 
the mainframe computer more than half a century ago. 
Today, their importance and relevance to our daily Jives 
has grown exponentially along with the explosion of 
digital information. Sending an email, downloading an 
app, streaming a movie, performing a web search - these 
and countless other daiiy tasks today ndy on data centers. 
And the projected growth of cloud-based storage and 
services will likely expand their role yet further. 

Data centers and the millions of servers they house 
are essentia! to today's wired world - and they are 
also big consumers of energy. Consider that a typical 
server remains on every hour of every day - that is 
8.760 hours a year of energy consumption. The electricity 
to run a single server can cost $1,000 a year and. when 
the associated enejgy costs to cool the facility and 
convert power are included, that amount can double. 


A 201 1 Stanford University study found that the 
^oba! electricity consumption of data centers grew 
by approximately 56 percent between 2005 and 2010 
and today represents as much as 2.5 percent of total 
electricity use in the United States. 


$1,000 - estimated electricity cost 
for one server for one year 

56 % - estimated increase in global 
data center electricity consumption 
[ 2005 - 2010 ] 

2 . 5 % - estimated total U.S. electricity 
consumption for data centers 
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The trajectory of data traffic and storage is clearly upward. |. 

However CE company teams are working today to bend the curve of data ^ 

center energy demands in a new direction. They are taking strides to make 
their own facilities much more energy efficient, and they are helping their 
business customers save energy and money throu^ better design strategies, 


* GoogJe is one of the leaders of this effort. 

Their massive data centers employ best 
practices like taking advantage of evaporative 
cooling, increasing ambient center temperatures 
to 80 degrees, eliminating water chillers and 
optimizing power distribution. 

» At its Western Technology Center in Quincy, 
WA, Sell employs beat-wheel technology that 
maximizes the use of outside air, which reduces 
the center’s overall energy and water demands. 
This is in addition to other energy-efficient and 
low-carbon features, such as taking advantage 
of fresh-air cooling during much of the year, 
and most of die facility's electricity comes from 
renewable sources. 

* AMD has teamed up with Oarkson University. 
HP and other partners to research effective ways 
to power data centers from renewable energy 
sources. The goal is to build a distributed confuting 
network, by co-Iccating renewable enei^ sources 
such as wind and solar with containei'ized data 
centers like HP's Performance Optimized Data- 
center, which is driven by AMD Opteron'^" 
microprocessors, 

■ HP is addresang the need for lower cost and more 
efficient server technology with its Project 
Moonshot initiative - a multiyear program 
designed to offer extreme low-energy server 
technologies. Rather than designing a server for 
all uses. Moonshot designs are optimized for the 
specific type of software and operation they will 
be running, thereby reducing energy use by up to 
89 percent and costs by up to 63 percent. In fact, 
hIP is using Moonshot's servers to power the 
company's primary web presence (HP.com), 


whidi gets more than 300 million hits per day. 
These Mor^nshot servers are so energy efficient 
that the total power consumed by the serverc 
powering HP.com is equal to that consumed by 
12 60-watt lightbuibs. 

Tod^, Microsoft is using electricity market analytics 
to increase the use of renewable energy sources in data 
centers and reduffi its cartoon emissions by up to 99 percent 
The wcrk involves an^yzing algorithms tiiat rate different 
criteria on the electric grid, like current, carbon emissions 
and the rate at which renewable energy ts being inte^ted 
to power the grid. This analysis can help determine the 
best time to perform Mior^oft's highest-energy-consuming 
computation, scheduling moveable computation at times 
when tf>e grid is being powered by renewable energy 
sources or. alternatively, relocating computation to areas 
of the grid where renewable energy sources are being 
ut^ized. These measures can help reduce the overall 
carbon footprint associated with cloud computing. 
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Coupled with innovative efficiency measures for fadiities 
and equipment. CE companies are working to lower 
GHG emissions through a growing commitment to 
renewable energy. These large-scale investn^nts are 
r^udng their carbon footprint, supporting break- 
through sustainable energy technologies and helping 
to build stronger long-term ma-ket demand for green 
power. In addition, CE companies are designing and 
manufacturing some of the most promising new 
innovations to generate power renewably. Taken 
together, these commitments are moving us toward 
a more renewable and responsible energy futute. 



which harness ruturai light to save energy, have offset 
80 percent of the energy consumption at the California 
headquarters buildings that house the panels. In addition, 
solar panels at its Tennessee facility have produced 
electricity savings of 32 percent monthly. 

LG Eleeti^id is botit a m^or provider and deprfoyer 
of photovoltaic systems. In 2012 the company supplied 
solar panels to customers in 32 countries - and sc^d 
1.6 million high-efficiency panels between 2010 and 
2012. At its new U.S, headquarters in Englewood Cliffy Nj, 
the company will install an 85,000-square-foot solar 
array system, expected to generate more than 1.000 
MWh of electricity annually. 


By the end of fiscal 2013, 16 0«l} facilities were 
purchasing !00 percent of their electricity needs 
from renewable sources such as wind, water and 
solar -an increase from seven facilities in fiscal 2012. 
These include Dell's headquarters in Round Rock, TX. 
which has purchased 100 percent renewable electricity 
since 2007. Overall. Dell sourced 22.6 percent of its 
electricity from renewables, and has been on the 
U,S. EPA's Green Power Partnership Top 50 list 
since 2008. 

A leader in both photovoltaic and fuel cell technologies, 
Panasonic has a diverse portfolio of renewable 
energy solutions. Their HIT240/233 panels are designed 
for resident!^ use and boast the world's highest energy 
conversion efficiency rate. Panasonic was also the first 
to offer a household fuel cell cogeneration system - 
which leverages the electrochemical reaction between 
oxygen and hydrogen. 

In 2013, int^ was recognized for the fifth consecutive 
year as the largest voluntary purchaser of green power 
in the United States, according to the U.S. EPA's Green 
Power Partnership rankings. Intel has committed to 
purchase a total of approximately 12.4 billion kWh 
of green power from 2008 through 2013, which is 
equivalent to the greenhouse gas emissions impact 
of taking 1.8 million cars off the road for one yean 

HP has installed more than 1,400 rooftop solar 
panels at its data center in Suwanee, GA. The 
solar arr^ is estimated to generate approximately 
450,000 kWh per year, enough to power the 
center’s noncritical facilities. 
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The Brand Matters 
keynote at the 20! 3 
intemationai CES 
brings together 
executives from 
the worfd's top 
brands to discuss 
hew techrxjlojy and 
digital platforms are 
impaetkig marketing 
and brand strateg/ 
on a global scale. 



As owner and producer of Internationa! CES, 
the world's largest innovation event, CEA is 
committed to making this global event both a 
venue to spotlight more sustainable solutions ” 
and an event that raises the bar for eco-friendly 
operations. The 2013 CES drew nearly 3,300 
exhibitors and more than 152,000 industry 
professionals ~ providing the ideal setting to 
demonstrate that there are no limits to 
environmental innovation. 


Panasonic’s Mr: KazuhlroTsuga delivers the opening 
keynote at the 20 i 3 Intemationd CES. 
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All Together, At Once - a Big Ecofriendly Idea 

When CES attendees from across the world connect with one anotfier, 
buiid new relationships and get business done in a single location, they 
collectively avoid nearly two million miles in business travel. And with 
more than 36.000 industry leaders from 150 countries in attendance. 
CES has become truly a global village of innovation. 



Green Starts With Knives, Forks and Spoons 

No detail is too smaJI to enhance the eco-efficiency of CES - even 
the eating utensils supplied by our catering partner Aramark are 
made of biodegradable organic products. We review every aspect 
of operations to identify greener alternatives. 

Environmentally friendly cleaners are used instead of harsh 
chemicals. A ctosed*loop recycling process that reclaims the 
previous year’s vinyl banners is used to produce 190.000 show 
badge holders. By adopting better digital alternatives, production 
of print materials has been reduced by nearly 50 percent from six 
years ago. Show floor carpeting is made from recycled materials, 
and turnkey exhibitor booth packages use recyclable panels and 
soy ink printing. And the reuse/recycle rate for solid waste 
generated at the show stands at 75 percent. These efforts have 
spurred one trade publication to designate CES as "North 
America’s Greenest Show." 


Building a Lasting Legacy 

CEA has established a tradition of investing in projects that support 
sustainability in the City of Las Vegas and benefit the local community. 
In 2013, $50,000 donations were awarded to Green Chips, a local 
sustainability group to fund a solar installation project, and to the 
city’s Convention and Visitors Authority for the installation of electric 
vehicle charging stations at the convention center. 
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CE companies are setting aggressive goals to deliver higher feveis of environmental and social performance, important 
milestones have been reached; more progress is required to rea<^i some of the most ambitious objectives. 


COMi»AHY 


GOAtS AND PROGRESS 


Best Buy 

Reduce absolute carbon emissions in Ncrth America by 20 percent by 2020 from a 2009 baseline. Best Buy is more 
than 75 percent toward attammertt. Since the goal was set absolute carbon has beer> reduced by !6.8 percent, and 

223 million kWh have been saved by conservation and efficiency knprovements. Best Buy was recognized by the 

Carbon Disdosure Project with a score of "96" and a p«formance band of "A" in the Orbon Disclosure Performance 
Leadership index (CDU). 


To collect one billion pounds of consumer electronics and appliances for recycling by the end of calendar year 2014. 

More than 700 mi!liOT> pounds of consumer electronics and apphcuices collected to date. In ftsci 2013, 96 million pounds 
of consurner electronics were ccJiected. 

Dell 

Offer EPEAT-registered models in the Untted States and Canada for all newly offered commercial and end-user 
compuhng products by the close of fiscal 2013. Progress; achieved. 

To increase electronics take-back volume totals to a worldwide cumulative one bjifion pounds of collected equipment 
by 201 4. By 2013 Dell had attained this goal. 

Google 

Google uses huge quantities of servers and other equipment to power its operations. The company has attained 
its goal of recycling 100 percent of the electronic equipment that leaves its data centers. Since 2007, Google has 
repurposed enough outdated servers to avoid buying 300.000 new replacements. 


To power the company with 100 percer»t renewable energy - that is the ambitious long-term goal Google has 
established for eco-efficiency. By 2013. renewable povi«r was used to power more tfian 30 percent of its operations. 

HP 

Reduce greenhouse gas emissions fmm product transport by 160,000 tonnes ofC02efrom the end of 2008. HP has 
met and exceeded this goal by implementing network enhancements, wai’ehousc consolidations, mode changes and 
route optimization programs. 

Complete the phase-out of bis (2-€thy#iexyl) phthaiate (OEHP). dtbut>H phthaiate (DBP) and benzyl butyl phthaiate ^BP) 
in newly introduced personal computing products by the end of 2012. Goals achieved: all HP personal computing 
products to be newly introduced in 2013 meet these requirements. 

Panasonic 

In its effort tc reduce the amount of newi4y extracted resources used in its products, Panasonic set a fiscal 2012 target 
that 12 percent of all resources used be from recyded materials. The amount of recycled content in its products that 
year- 14.7 percent - exceeded the gc«^, and the company used approximately 8.000 tons of recyded plastic for its 
products during the year. 


in addition to its efforts to reduce carbon emisrions, Panasonic established a goal to reduce GHGs other than C02 - 
these gases are mainly used as etching and cleaning gases semirc^iductor factories. In fiscal 2012 the company had 
achieved a 60 percent reduction of these err»s^ns from its 1995 baseline level. 
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Looking to the future, many CE companies have established goals and objectives to take their environmental 
performance to a higher ievel. 


(company 

^ SOALS 1 . ' 1 

ilectronks 

Reduce greenhouse gas emissions from its U.S. operations by 50 percent by the end of 2020. 

Panasonic 

increase to !6 percent the amount of postconsumer recycled content materials contained in new 
product lineup by 2018. 

AMD 

By 2017. to avoid iO percent of GHG emissions and achieve 10 percent avoidance in 
manufacturing water use, based on a 2012 baselirw. throi^ conservation efforts, 

Sony 

By 2050, to adiieve a zero environmental footprint throughout the life cycle of its ;woducts and 
business activities - a plan Sony cads its "Road to Zero." The company has established mid- 
twm targets to be met by fiscal 2015 on the path tcTwaid this ambitious long-term objective. 

DIRECTV 

DIRECTV reduced its carbon footprint 10 percent relative to its 2011 baseline. This single-year 
reduction allowed DIRECTV to surpass its 2015 emissions reduction goal several years ahead 
of schedule. 

Samsung 

By 20lSto decrease the v«>lumeofwa5te generated per unit of production by 10 percent a 
year, and to increase its waste recycling rate to 95 percent. Samsung now recycles waste glass, 
waste plastics and organic slud^ that were incinerated or landfilled in the past. 

Microsoft 

By fiscal 2013 achieve carbon neutraSty and net-zero emiswons for Mtcrosoff.s data centers, 
software development labs, cpffices employee travel by increasing energy efficiency and 

purchasing reitewable ener,^. The imtiative also includes tmpiementing an interna! carbon 
fee that makes the company’s business diwions financially rwponsible forthe cost of their 
carbon emissions. 
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When leveraged to its fullest, technology can be a key catalyst 
for progress for people and communities. The opportunity for 
technology to improve lives is profound - whether as a conduit 
for learning, commerce and creativity, as a means to improve 
the lives of the disabled, or to help deliver better health care 
to millions. 

Many of todays brightest minds can be found at CE companies - 
men and women working to envision new solutions that address 
these challenges. The innovations emerging today from CE 
research laboratories are opening new possibilities to enrich 
the lives of millions of our fellow citizens. 

Those efforts do not end with technological innovation. 
Individually and collectively, CE companies and their employees 
are engaged in strategies and initiatives to build a more sustainable 
society. This work is being carried out through volunteerism, 
charitable giving, mentoring youth, attacking hunger and by help- 
ing to ensure fdr treatment of those whose work contributes 
to the products we offer. 

increasing opportunity and meeting human needs is a job for al! 
of us. and our industry is committed to expanding possibilities 
for every member of the global family, 
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Research indicates that too many American teenagers 
have little or no access to the kinds of technology that 
can improve their academic performance, strengthen 
their skills and put them on a path toward a bdght career 
future. And even for teens who have some access to 
some technology tools, too often it is limited to passive 
consumption rather dian active content creation. To 
address this need, Best Buy has developed a new 
initiative to provide greater access to the technological 
tools, resources and opportunities teens need to 
develop twenty- first century technology skills. 

Best Buy Teen Tech Centers provide an 
engaging environment where teens can develop 
technology skills through hands-on activities such as 
filmmaking, music prtxiuction. graphic design, rr^otics. 
mobile applications and game development. As teens 
undertake these projects, they hone new skills that can 
be applied both in the classroom and in the workplace. 
Best Buy is cunontiy piloting the program with nonprofit 
partners in Chicago, Miami, San Antonio and Minneapolis. 

To help design effective programming, support the 
center staff members and monitor results, Best Buy 
worked in collaboration with the Intel Computer 
Clubhouse Network, (ICCN). Now in its twentieth 
year of service, ICCN is a program of the Museum of 
Science, Boston that, with the support of the MIT 
Media Lab, reaches 25,000 youth annually through 
100 clubhouses worldwide. 



Society 
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Innovative breakthsxiughs often begin with two simple 
words: What if? Recently, engineers at Samsung 
EtsetrorUcs posed that very question: What if we 
could develop a mouse for the disabled that was 
inexpensive - and simple enough to be assembled 
with common electronic components? The result was 
“eyeCan," an eye-tracking mouse that can be built for 
a fraction of the cost of existing systems. 

Samsung established the Creative Development 
Research institute to provide opportunities for 
employees to pursue creative new ideas that take full 
advantage of their talents and professional passions. At 
the institute, risk-taking is encouraged, and employees 
are accepted into the program to pursue a project for 
an entire yean 

eyeCan, launched in 2012, was the first big idea to 
emerge from this creative environment. eyeCan enables 
individuals with profound paralysis, including those with 



Lou Gehrig's disease (ALS) and locked-in syndrome 
(US), to communicate with and through computers. 
The device, built on an open-source platform, tracks 
the user’s eye movements to enable them to write 
emails and text messages, search the web and even 
play computer games. 

The idea of an eye-tracking mouse is not new, but the 
breakthrough comes in the eyeCan’s much lower cost. 
Using only a pair of eyeglasses, a web cam and a few 
other inexpensive electronic components, volunteers 
and family members can assemble their own eyeCan and 
access free software. This exciting work can be done for 
a small fraction of the expense of similar commercial 
devices - which can cost up to $10,000. The eyeCan 
team's motto describes its innovation well: "One blink, 
a connection to the world." 



99 


CEA 2013 Sustainability Report 


45 


il 

Sustainable 

S66, Act, LG3.d I 

The philanthropic commitment of CE companies involves both significant cash 
contributions as well as donations of technology and expertise to address 
human needs. 


Through its Community Grants program. 8es,fe Buy's 
retail teams across the United States choose nonprofit 
organizations within their communities that help teerrs 
develop twenty-first century technology skills necessary 
to excel at school and inspire future career chcHces. 

In fiscal 2013, the program awarded $2.75 million to 
more tlwi 500 nonprofits nationwide. 

MIcmsoft acts on its belief that software can help 
nonprofits overcome obstacles and improve their 
service to communities. Each year the Technology for 
Good program donates hundreds of millions of dollars 
in software to these organizations. In fiscal 2012. those 
contributions reached 62,200 nonprofits - a 33 percent 
increase from the previous year. 

With the omECTV GOES TO SCHOOL® program, 
qualifying state-accredited K- 12 schools can receive a 
free DIRECTV® system and a programming package - 
SCHOOL CHOICE® - specially designed to enhance and 
complement classroom lessons. This package includes 
a combination of news, educational and informational 
programming to accompany teacher instruction. 

From helping to prevent deforestation to conserving 
the rights of indigenous populations, Googfe Earth 
Outreach has supported over 4,000 partners through 
software grants, technical support and training. By 
using Google Earth to visualize data and stories, these 
organizations have been able to promote their cause 
to hundreds of millions of people worldwide. The 
program is but one component of Google’s donations 
of technology that totaled $ I billion in 201 2. 


BlackBerry supports its employees' efforts to give 
back to communities through Proud2B€, a set of 
internal programs which provide several opportunities 
to support nonprofit organizations through fundraising 
drives and volunteerism. Through their Proud2Be 
Program. BladcBerry donated to 294 organizations 
around the world. 
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CE companies and their emaployees are focusing philanthropic and volunteer efforts 
on human and community needs not only in North America - but also in every 
region of the globe. 


Babies In Africa a Better Chsmce - 
Right From the Start 

Toda/'s antiretroviral ARV therapies offer excellent 
treatment outcomes for infants bom with HIV - but 
they are effective only if a child is diagnosed eariy. 
Withoijt rapid treatment, half of these newborns will 
not live to see their second birthday. Early testing and 
rapid delivery of test results are key to saving the lives of 
thousands of infants bom with HIV in Africa each year 



HP, through a partnership with the Clinton Health 
Access Initiative and the Ministries of Health in Kenya. 
Uganda and Nigeria, is leveraging technology to speed 
up testing and improve outcomes for thousands of 
children. Six modern HP data centers linked to Kenya's 
national laboratories provide a platform to accelerate 
HIV test data transmission. With financial and technical 
support provided by HP. students at Strathmore 
University in Narobi developed a custom database 
application to make HIV test results quickly available 
online - enabling real-time tracking and analysis. Faster 
information and faster treatment ~ today, technology is 
working wonders for thousands of African newborns. 

For over five years Dell worked with Conservation 
International on a major reforestation initiative in 
Madagascar. Dell supported Conservation Intematic^ai’s 
work with indigenous populations, programs which 
encourage sustainable agricultural practices and water 
use and protect the natural infrastructure. The project 
was also designed to protect some of the las! remaining 
habitats of lemurs, found only in Madagascar. 

Making STEM a Priority 

As part of its commitment to advancing education 
in science, technology, engineering and math (STEM), 
BlackBerry has partnered with JA-YE Europe. 
Europe’s largest provider of entrepreneurship education 
programs. The initiative supports STEM innovation 
camps, which prowde real-life, technology-based 
business challenges for the students to tackle with 
Blackberry employee volunteers. Over 9D0 students 
from ft^y, Spain, South Africa. France, Sweden and the 
U.K. have participated in these innovative events. 
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Changing the World - Through Teamwork with Boys & Girls Clubs of America and 
ENERGY STAR 
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An important way to reduce energy consumption and 
protect the dimate is for each of us to choose new ways 
to live and play more energy efTidentiy, The EPA’s “Save 
the WoHd - Start With ENERGY STAR” pledge initiative 
is designed to help drive those positive behaviors. To date 
more than 3.2 million Americans have signed on. 
Samsung's unique partnership with ENERGY STAR and 
the Boys & Girls Qubs of America (BGCA) is contributing 
to that success. This grassroots initiative leverages the 
efforts of thousands of boys and girls as they reach 
out to their peers, neighbors and family members to 
"take the pledge" to reduce energy use and address 
climate change. 

According to Marvin Laster, Director of Character 
and Citizenship Programs for BGCA. 'Throu^ our 
programs with the EPA and with Samsung's help, we 
have been able to engage more than ISO dubs through- 
out the United States. Club members have been 
enthusiastic and taught others In their communities 
about energy conservation, through the ENERGY 
STAR pledge and through other creative BGCA 
initiatives. The kids understand the importance of 
why we need to change the world by saving energy." 
Thanks to Samsung, BGCA dubs have an opportunity 
to compete for Samsung PCs, laptops. TVs, tablets and 
other valuable technology at their individual clubs. 


Noted John Godfrey. Vice President, Communications 
Policy and Regulatory Affairs, government Samsung 
Electronics America. "By bringing Samsung. ENERGY 
STAR and BGCA together through the ENERGY STAR 
pledge and other BGCA initiatives related to climate 
change awareness, we've really made a difference in 
teaching young people and their families about saving 
energy and household costs, while helping the environment 
Actually. Samsung is the number-one manufacturing piartner 
of ENERGY STAR in signing up people for the pledges.” 




At Best Buy in 201 2. more than 

18.000 US. employees volunteered 
in excess of 100.000 hours to causes 
and organizations for v4iich they are 
passionate. “Tag Team Awards" 
encourage employee involvement 
The program prowdes monetary 
donations to nonprofit organizations 
to which empicryees donate theirtime 

MJcrosoft's Volunteer Manager 
brings nonprofit needs and volunteer 

skills together In 20 i 2 more than 

1 0.000 employees and ZCXX) nonprofit 
organizations were registered; 
employees donated more than 

43 1 .000 hours of service. 
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Even in a land of abundance, hunger can be found ai! 
around us, and in every community there a?e those who 
lack access to adequate nutrition. The U.S. Department 
of Agriculture reports that nearly 15 percent of U.S. 
households do not have consistent access to enough 
food for a healthy, active life. And the number of 
households in severe need is growing - now standing 
at more than one in 20. 

CE companies and their employees are stepping 
forward with solutions to the problem of hunger -- 
supporting food banks, feeding kitchens and other 
community-based prograns through financial support 
and volunteer effort. 

Haler and its employees are strong supporters of 
the Food Bank For New York City. Their contributions 
include 75 employee community kitchen volunteers, a 
cash match of consumer donations and a Virtual Food 
Drive targeted to attendees at the International CES. 


The Piantronics commitment to the Second 
Harvest Food Bank of Santa Cruz County, CA, began 
in 1997. During the last 16 years the company has 
donated more than three million pounds of food to 
local families in need. 

In 2013, $ony Pictures combined its f nancial support 
with the contributions of participating food growers to 
donate over 80.000 pounds of fresh produce to Feeding 
America's nationwide net'n'ork of food banks in support 
of the motion picture release of Qoudy with a chance of 
A1eatbo//s 2. The campaign, part of Hunger Action Month, 
also invited consumers to suppoa Feeding America’s work 
on behalfof 61. 000 community agencies nationwide, and 
a custom animated PSA was created with the Ad Cound! 
urging cor«umers to take action to end hunger. 

In 2012, BiackBerry employees supported 22 food 
banks, donaf ng 30,000 pounds of food glc±«iiy - which 
helped feed 800 people in need for an entire month. 
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Organizadons prosper and drive continuous innovation 
when they can leverage the talents of a fully engaged 
and highly motivated workforce. Providing opportunities 
for employees to contribute, excel and advance in their 
careers is how good companies become great, and 
great companies remain on top. Leading CE companies 
recognize this opportunity - as well as the importance 
of tapping the energy and passion of their employees 
to achieve their organization’s sustainability objectives. 

The Sony Electronics Green Workspace 
Certification (GWC) is designed to help all employees 
take measurable actions to reduce their personal 
environmental impact at work - decisions that can 
heip reduce Sony's overall impact as well. GWC is 
structured to give employees a clear picture of how they 
can influence both eco-efficiency and cost performarKe. 
Team members are presented with opportunities for 
simple but impactful actions they can take in their daily 
work lives to make a positive difference. Accomplishments 
are recognized with incentives and. at the highest personal 
level (Tree), 50 trees are planted in the employee's name. 


For Dell, a key driver of team member engagement 
is its Connected Workplace program. It enables one in 
five global team members to arrange their work in a 
flexible manner- including work from home and part- 
time arrangements, variable hours and job sharing. 
The program is not only good for employee well-being, 
it's good for the environment - avoiding an estimated 
13 million kWh of enei^ and 6.785 metric tons of 
GHG emissions annually. 

The HP Sustainability Network was created to 
heip employees learn about, demonstrate and share 
environmental practices that benefit their professional 
and (personal lives. With thousands of members, it is 
one of the largest employee network groups in the 
company. Local chapters coordinate a wide range 
of efforts, including alternative commute programs, 
local volunteering efforts, on-site composting and 
educational woricshops. 
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Addressing Conflict Minerals 



CEA 20!3 Sufcaioabilicy Report 
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The problem of conflict minerals, the sources of tin, 
tantalum, tungsten and gold mined in the Democratic 
Republic of Congo and surrounding countries, is a 
serious concern to every person and organization 
committed to human rights and environmental pro- 
tection. Efforts to exert control over these valuable 
resources have led to armed conflict and serious human 
rights abuses in the region. In the United States, 
legislative and regulatory actions are underway in 
an effort to stem the flow of conflict minerals. CE 
companies are undertaking a number of actions to 
address what clearly is one of the most significant 
environmental and social concerns in the global 
supply chain. 

BtackBerry is taking aggressive and meaningful 
steps to address the problem through a variety of 
initiatives. The company is an active member of the 
ElCC®-GeS Extractives Work Group, an organiza- 
tion focused on developing practical traceability 
solutions that companies can implement to help 
prevent the use of minerals sounced from conflict 
mines. A major initiative has been the launch of a 
Conflict-Free Smelter (CFS) program, which seeks 
to identify smelters and refiners that can verify 
they are not processing minerals sourced from 
conflict mines. 


BlackBerry is also a participant in the pilot of the 
OECD Due Diligence Guidance for Responsible 
Supply Chains of Minerals from Conflict -Affected and 
High-Risk Areas. In 2012 the company launched its 
program with a request sent to more than 170 direct 
suppliers of materials to provide information regarding 
their minerals sourcing practices. The company is 
also a member of ^e Public-Private Alliance for 
Responsible Minerals Trade, a program launched by 
the U.5. Department of State in 20 1 1. The Alliance 
brings together governments, companies and NGOs 
to support supply chain solutions in the DRC and 
other countries in the region. 

Solutions For Hope is a project created to deliver 
verifiabiy conflict-free tantalum material from the 

DRC in accordance with the OECD Due Diligence 
Guidance. Blackberry is a participant in this effort, 
which utilizes a "closed pipe” strategy in which 
tantalite ore mined from sites within the DRC is 
traced along its secure supply chain to the smelter. 
This program helps ensure that tantalum used in 
BlackBerry products is derived from conflict-free 
sources, and also provides economic opportunities 
to the smaH artisanal miners who rely upon this 
work for their livelihoods. 
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Leading Through 
Consumer Education 


CEA 2013 SuscainaWficy Report 
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Knowledge is power, At CEA we believe that by 
empowering consumers with actionable information on 
how to live green, buy green and recycle responsibly, 
we can help millions of people lower their energy 
consumption, shrink their carbon footprint, reduce 
waste " ail while saving money. 

Providing that knowledge is the big idea behind 
GreenerGadget5.org - CEA's online resource for 
consumers who want to live and work more eco- 
efficientfy. Our research shows that 60 percent of 
consumers are concerned about their energy bills and 
enei’gy consumption - but many lack tiie information they 
need to make smarter choices. At GreenerGadgets.org 
consumers find valuable tools like an interactive calculator 
that lets them compute the energy consumption of their 
CE devices based upon type, quantity and the number 
of usage or charging hours. Online visitors can access 
valuable tips on how to operate their existing products 
more efficiently. And they can learn how to make their 
next purchase a greener purchase - including links to 
EPEAT-registered and ENERGY STAR-labeied devices. 




Spre^ing tho Word About 
Responsible Recycling 

Public educatbn is centra! to our strategy to help divert 
more end-of-life CE products from the nation's waste 
stream. At GreenerGadgets.org consumers learn more 
about the importance of responsible eCyding - and 
they can find a responsible recycling collection iocatbn 
in their community by u«ng our zip code search tool. 
The database of electronics recyders, is created in 
partnership with the National Center for Electronics 
Recycling (NCER), a non-pnofrt dedicated to the 
development and arhartcement of a national infrastructure 
for electronics recycling in the United States. As of 
September 2013, there are more tiian 8.000 locations 
nationwide, from Bar Harbor, ME, to Honolulu. 
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Strong Partners, 

Essential Message 


CEA 2013 Sustainabiiic)' Report 
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Recyclebank calculates that it has motivated its members to recycle nearly 
four billion pounds of material - an amount that continues to grow 

every minute of every day. 


As part of an ongoing effort to build increased awareness of 
CEA’s consumer education efforts and GreenerGa<^ts.org, 
we have partnered with Recyclebank - an innovative 
company that motivates individuals and communities to live 
more sustainably. 

Recyciebank's more than four million members earn 
points for taking everyday green actions - points they can 
redeem for valuable products, services and offers from 
their commercial partners, Points are earned by taking 
gre^ actions like reading and learning about environmen- 
tal concerns, making a greener purchase, using fewer 
resources or recycling materials responsibly. Recyclebank 
calculates ^at it has motivated its members to recycle 
more than 3.5 billion pounds of material - an amount 
that continues to grow every minute of every day. 

Recyclebank is an important point of referral to drive 
more and more visitors to GreenerGadgets.org - where 
its members can earn points for actions such as looking up 
an eCycling location or learning howto save energy when 
they purchase and operate a CE product. Looking ahead 
we believe rt is a partnership that will continue to benefit 
more and more consumers - and the planet as well. 
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About This Report 


CEA’s 2013 Sustainability Report is our third, issued 
biennially, profiling the sustainability challenges, 
opportunities and performance of our member 
companies, of the consumer electronics industry 
generally and of CEA and its internal operations. 

This report addresses industry activities during 
calendar years 2011, 2012 and portions of 2013. 

By necessity this report does not attempt to document 
the activities, initiatives and performance of all of our 
2,200 member companies. Such an effort, while 
valuable, would be of a size and complexity far beyond 
the scope of this project, in this year’s report we h<we 
chosen not to aggregate greenhouse gas (GHG) 
and electricity usage data reported by the fO largest 
companies in our membership. The composition of 
that group has changed since our last report, reporting 
practices and periods are not consistent across all 
companies, and any comparison to previously published 
metrics would therefore be unhelpful or 
even misleading. 


The content of this year’s report is drawn from reports, 
case studies and data submitted by CEA members; 
from interviews with industry representatives and 
public stakeholders; from academic, governmental 
and NGO sources, including the U.S. Environmental 
Protection Agency and the Green Electronics Council: 
from media accounts: and from the public corporate 
sustainability and corporate responsibility reports 
published by CEA members. 

in many instances, additional information concerning 
members’ operations and performance is available 
on their corporate websites or can be found within 
their own sustainability reports. 

In an effort to conserve natural resources, this report 
was designed for distribution in interactive form, 
including mobile-friendly formats, or via a download- 
able personal document format (pdf). 

We value your feedback. For comments, suggestions 
or questions about this report, please contact: 
Samantha Nevels at snevels@ce.org or 866-858-IS55. 



108 


CEA 20]3 SustaJnabiiity Report 


54 


-L il 

Sustainable 

3 ^ » 

o. 5 X- 

= 3 « 


“or More Information Contact 


Comumer ileetronles Association (CEA) 
1919 Soiitii Eads Street 
Arlington, VA 22202 

703.907.7600 

CE.org 

Declareinnovation.com 

GreenerGadgets.org 

CESweb.org 
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Testimony of Stephen Skurnac 
Sims Recycling Solutions 

Before the Senate Committee on Homeland Security and Government Affairs 

"RecvcIinR Electronics: A Common Sense Solution for Enhancing Government Efficiency and Protecting 

Our Environment" 

February 27, 2014 


Good morning, I am Stephen Skurnac, President of Sims Recycling Solutions. Thank you, Mr, Chairmen 
and committee members for the opportunity to speak to you today about electronics recycling. 

By way of background, Sims Recycling Solutions is the world's largest electronics recycler, processing 
more than 700,000 tons per year at42 facilities in 14 countries and generating revenues approaching 
LIS$1B annually. We operate facilities in developed regions such as North America, the EU, Australia and 
New Zealand as well as developing countries such as India, South Africa and Dubai. This global 
perspective gives us unique insight to a variety of electronics recycling business models and government 
led initiatives. I have personally been involved with electronics recycling since 1991 and prior to that I 
was employed in the mining and metals industry. 


Electronic waste is one of the world's fastest growing waste streams. According to statistics published by 
the StEP (Solving the Ewaste Problem) organization, sponsored by the UN University almost 48.9 million 
metric tons of used electrical and electronic products were produced last year- an average of 7 kg for 
each of the world's 7 billion people, StEP also estimates that by 2017, the total annual volume will be 33 
per cent higher at 65.4 million tons. The US share is currently estimated at 10 million tons. A study by 
the US EPA looked at data available for 2009 and estimated that 5 million tons of e-waste was in storage 
and only 25% of the available e-waste was actually recycled. Studies by MIT and the National Center for 
Electronics Recycling (NCER) suggest much higher recycling rates but also much lower total volumes. The 
discrepancies are based on different calculation methods and different data pools but it is clear that e- 
waste volumes are significant and growing enormously. 

Electronic waste is both a significant environmental hazard to human health and the environment if not 
managed properly and also a significant source of commodity raw materials if recycled properly. In 
addition, used electronic items that are still functioning can be re-used by all manner of consumers in 
virtually every country where new technology may be too expensive or difficult to acquire. 

With the notable exception of the United States, most developed countries treat discarded electronics 
as a special waste requiring easy and convenient collection from consumers, domestic recycling without 
export of whole unprocessed equipment and reporting of volumes and materials collected and recycled. 
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The mechanisms to achieve this vary by country but generally there is national legislation covering the 
key principles and a robust marketplace involving collection organizations, logistics providers, recyclers 
and equipment manufacturers. 

In the United States, federal rules are in place to manage the export of cathode ray tube (CRT) glass 
from old televisions and computer monitors but there are no federal laws mandating collection or 
recycling activities of e-waste. Many individual states have implemented e-waste recycling programs 
designed to encourage the collection and recycling of certain types of common personal electronics with 
a general stipulation that manufacturers should be liable forthe bulk of the cost of collecting and 
recycling the old electronics. 

E-waste in the United States that Is not being stored has three main destinations: domestic landfill, 
delivery to a domestic e-waste recycler or export to processors in foreign markets. As part of their 
recycling initiatives, some states have banned e-waste from landfills due to the potential to leach toxic 
constituents such as heavy metals. Export of e-waste is legal and unrestricted with the exception of 
federal rules governing CRT devices. Domestic recyclers number over 1,000 and many are certified to 
one or both of the nationally recognized certification programs fore-recycling. The certification assures 
that the material will be managed in an environmentally sound manner with transparency as to 
recycling processes and destinations of commodity products leaving the certified recyclers premises. 
Domestic recycling also generates significantly more jobs and ancillary benefits than export oriented 
recyclers. 

While volumes of e-waste continue to grow, both globally and certainly in the United States, the success 
and continued growth of the domestic electronics recycling industry is not as certain due to a confluence 
of factors. Vast amounts of o-waste remain in storage in homes and businesses due to a lack of 
awareness of recycling options and more significantly, a convenient and cost neutral collection 
mechanisim. The cost of collection is often overlooked when analyzing the recycling supply chain but it is 
a significant burden to market participants that must somehow be incorporated into the overall cost 
mechanism. This Issue has been starkly brought to light in New Jersey as the 2011 state law requiring 
collection and recycling of e-waste has run into problems due to a lack of clarity on funding 
requirements. The end result is e-waste piling up at county collection centers or some county programs 
stopping the collection of e-waste because they have no recyclers willing to take the material. The 
solution requires input from all stakeholders but consensus will be difficult due to competing interests 
and the need for financial support of the program. 

Export of e-waste is an ongoing concern in that some material is still exported to developing countries 
where significant harm to human health and the environment occurs due to unsophisticated recycling 
methods. The MIT study suggested this export stream represented only 8% of e-waste but by their own 
admission the export data was unreliable and the 8% certainly represents the lower end of export 
volumes. The illegal trade in e-waste has even prompted Interpol to organize a special unit specifically 
to track and prosecute illegal waste activities. 
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Finally, used electronic items that are still in reasonable working condition are actively sourced and 
traded in both domestic and international markets and this segment of the industry is expected to 
continue to grow as more consumers replace relatively new gadgets with the latest offerings from 
manufacturers. Older equipment, however, that does not have reuse value presents a challenge to 
recyclers given the complex mix of commodities contained in the material and the investments required 
to build and operate recycling facilities. 

A further item of concern for any business or consumer that discards electronics is the personal or 
business confidential data that is contained on the storage devices within the equipment. Certified 
recyclers will erase or destroy this data during the reuse or recycling processes. Collectors, traders, 
exporters and un-certified recyclers offer no such guarantees. Managing this data erasure requires 
additional investment in skills and equipment and while it is a strong component of corporate recycling 
contracts it is often overlooked in consumer or government sponsored programs. The uncontrolled 
release of private data through mis-management of e-waste can result in personal identity theft right 
through to national security issues if government equipment is not managed properly. 

Fundamentally, the US is faced with some key discussion points with respect to domestic e-waste. 

What decisions should be made with respect to banning e-waste from all landfills in that it contains 
hazardous components, and technology and business entities exist to reclaim the commodities and 
prevent environmental damage? 

What government led programs, if any, should be initiated or continued to encourage the collection and 
recycling of e-waste from consumers? 

How do we protect consumers and businesses from unwanted leaks of private information through the 
discarding or recycling of e-waste? 

As the largest generator of e-waste in the country, the federal government has taken steps to try and 
manage its e-waste through certified recyders. TItis is a positive step towards responsible recycling and 
promoting the development of the recycling industry. However, the efficacy of these programs is largely 
unknown at this time. 


Electronics recycling firms such as ours are extremely interested in furthering the development of the e- 
recycling industry. Manufacturers, recyclers and federal, state and local governments all have a vested 
interest in responsible recycling. We look forward to continued dialogue with all stakeholders. 


Thank you for your time. 
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Statement of Barbara Kyle 
National Coordinator 
Electronics TakeBack Coalition 
Submitted to the 

Senate Committee on Homeland Security and Government Affairs with respect to 
the hearing held on February 27, 2014 

"Recycling Electronics: A Common Sense Solution for Enhancing Government 
Efficiency and Protecting Our Environment" 


RE; Written Testimony on Recycling Electronics 

Chairman Carper, Ranking Member Coburn, and Members of the Committee: 

1 am writing with respect to the February 27, 2014 hearing held by the Homeland Security on 
"Recycling Electronics; A Common Sense Solution for Enhancing Government Efficiency and Protecting 
Our Environment." 

1 am the National Coordinatorof the Electronics TakeBack Coalition, a national coalition of 
environmental and consumer organizations that promote sustainability in the electronics industry, 
including responsible reuse and recycling of used electronics. We are pleased to see the Committee's 
interest in this important issue, and how the federal government could promote more e-waste recycling, 
and more responsible e-waste handling by consumers, governments, and recyciers alike. 

As others have testified at this hearing, the e-waste problem is growing. We consume new electronics at 
an astonishing rate, often replacing old products even though they still work, because we want the 
newer, faster products with new features. This is particularly true with smart phones and tablet 
computers, which is where new technology is introduced all the time. While our recycling rate has 
improved slightly, we need to do much more to keep these products, containing many toxic materials, 
out of our landfills. 

We believe that the most important priorities should be to encourage the following: 

1. Increasing volumes of e-waste recycling. It's important to understand that the biggest factor 
responsible for increased volumes of e-waste recycling in recent years is the growing collection 
of state e-waste laws, particularly those with performance requirements. My organization pays 
close attention both to state e-waste laws and manufacturers' recycling efforts. It's become 
abundantly clear that most manufacturers (with some notable exceptions, including Dell, 
Samsung, and Best Buy) do ONLY what the laws require them to do. Nothing more. While many 
manufacturers claim to have vibrant takeback programs, closer inspection shows that most have 
few collection sites in states with no takeback laws (or weak laws). This Committee should be 
cognizant of this. Therefore, for those who want to ensure and advance recycling in the e-waste 
area, it's crucial that the federal government not do anything that undermines these valuable 
state programs. 

The Electronics TakeBack Coalition is concerned that anyone in Congress contemplating crafting 
potential federal takeback legislation would likely set a much lower bar than many States have 
already enacted, and this would be done under the guise of changing from a so-called 
patchwork system to a federal set of standards. In this scenario it reasonable to expect that 
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such a federal standard would be lower, not higher, than what the states are doing. It would be 
supported by industry associations and others proclaiming themselves champions of recycling, 
but who don't actually support the policies that are working in many states. Such a bill would be 
an unfortunate step backwards. This would actually result in less recycling in some states, not 
more. While ETBC is sure that is not the goal of this Committee, nevertheless, this concern bears 
noting for the record. Let us be clear; All previous efforts to reach agreement among 
stakeholders on concepts for federal legislation on takeback have revealed that most of the 
industry will not support laws with strong performance requirements. Therefore, ETBC 
encourages the federal government not to pursue federal takeback legislation at this time, not 
to take a clear and unfortunate step backwards, while claiming to support recycling efforts in 
this area. The states are the laboratories that are showing the way, and they should not be 
preempted continuing the progress they have made. 

2. Ensure that still-working devices are directed into reuse channels. While ETBC s wants to 
improve the U.S.' fairly low rates of recycling, ETBC believes we also need to increase the 
amount of reuse of working products that have been cast aside even though they continue to 
function properly. That means we need to get them into proper reuse channels fairly soon after 
the initial owner stops using them, and before they become obsolete. As the representative 
from Keep America Beautiful testified, consumers often set these items aside because they 
know they still work, but they don't understand the real environmental value of making sure 
they get reused. We believe it would be helpful if the EPA or other member of the Interagency 
Task Force on Electronics Stewardship, or another appropriate entity, could produce a report 
that quantifies the environmental benefits of reuse compared to recycling used electronic 
products, and buying used products compared to buying new products. There is little "hard 
data" available on this topic for advocates, businesses, and governments to use to promote 
efforts aimed at reuse. 

3. Make electronics easier to repair and refurbish. Many devices, like mobile phones and mobile 
computers, are getting smaller and thinner. The industry likes to say that it is decreasing the 
environmental footprint of its products by using less material. That is partly true, but what they 
don't mention is that many companies are making these products much more difficult to take 
apart (without destroying them), more difficult to repair, and to allow second, and third 
"lifetimes" for these products. This is a trend that entities promoting and encouraging reuse 
(like the gadget repair network called iFixit ) have identified as a significant problem that is 
getting worse. There are some stakeholder processes to develop purchasing standards currently 
under development (under the EPEAT program ), and they are attempting to include criteria that 
address this problem. While some federal agencies participate in these processes, the GSA does 
not. As the federal government's purchasing arm, GSA should participate as a purchasing 
stakeholder in these processes, to encourage inclusion of strong criteria on reuse, 
refurbishment, and recycling. This is a specific recommendation on which the Committee should 
focus. 

4. Responsible e-waste processing. While we want to increase the volume of e-waste we collect 
for recycling, we need to be sure that what gets collected is handled in a responsible, 
environmentally sound way, that doesn't harm workers or communities. This is a significant 
issue with e-waste handling, because some collectors sell untested and non-working electronics 
to brokers or other entities who export it to developing nations (often in violation of those 
countries laws), where the toxics inside can and do cause significant harm to the people 
handling those products. Some people argue that as long as something has commodity value, 
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then it should be exported. But that position ignores the reality that much of this trade is both 
taking away U.S. Jobs, as well as causing serious harm in the countries where we export it. The 
harm has been well documented in areas like Guiyu in China, and in Ghana. An export policy, 
such as embodied in HR 2791/S2090, the Responsible Electronics Recycling Act, is a logical policy 
that would ensure that this problematic stream of e-waste is handled initially by U.S. companies. 
Instead of shipping whole, non-working products to developing nations, these products would 
be disassembled here in the U.S. (or in other developed countries) where laws protect workers 
and communities from exposure to toxic chemicals. Then the cleaned, separated materials 
could, of course, eventually be exported as higher value commodities. Commenting on the basic 
concepts in this legislation, the ITC noted that changing the law in the way suggested by these 
bills, would lead to more recycling activity in the United States, and more exports of processed 
commodities. More recycling activity means more jobs. More jobs and more exports make this 
a no-brainer. 

5, Responsible handling of used federal electronics - using e-Steward certified recyclers, no 
auctions. As the largest purchaser of electronics in the country, the federal government is also 
the largest generator of e-waste. So improvements in what the federal government does with its 
own used products would be helpful. 

a. Use e-steward recyclers. The GSA does now use certified recyclers, but there is a 
difference between the two certification programs. We recommend that the GSA use 
recyclers certified to the stronger e-Stewards standard, which does not permit practices 
like exporting unused/untested e-waste to developing countries. This would be a case of 
the federal government truly leading by example. 

b. No auctions. Once you auction off used electronics, you are giving up any control of 
what happens to it. The GSA does auction some surplus used electronics. This is a 
practice that should be discontinued, 


Thank you for the opportunity to comment on this important issue, If we can be of any further 
assistance to the Committee, please don't hesitate to contact us. 

Contact Information; 

Barbara Kyle 

National Coordinator 

Electronics TakeBack Coalition 

60 29’^' Street, San Francisco, CA 94110 

415-206-9595 

bkyle(a)etakeback.org 

w ww. elect ronicstakeback, com 
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US Senate Committee on Homeland Security and Governmental Affairs 
Recycling Electronics: A Common Sense Solution for Enhancing Government Efficiency and Protecting 

Our Environment 
Wednesday, February 27, 2014 
Statement for the Record 
Submitted by: 

institute of Scrap Recycling industries 


The Institute of Scrap Recycling industries (ISRi) appreciates the opportunity to file a statement for the 
record of the Feb. 27 hearing on Recycling Electronics: A Common Sense Solution for Enhancing 
Government Efficiency and Protecting Our Environment. ISRI represents more than 1,700 companies 
nationwide that process, broker and industrially consume scrap commodities, including metal, paper, 
plastics, glass, rubber, electronics and textiles. As the fastest growing segment of the recycling industry, 
ISRI represents upwards of 400 companies that handle used electronics products (UEPs) at more than 
675 locations throughout the U.S. and around the world. ISRI supports safe, responsible recycling of 
UEPs, which Is good for the environment and good for our economy in the US. ISRI is committed to 
working with government agencies, industry and non- profits across the US to spur increased electronics 
recycling. 

The United States is the world's largest market for electronics, thus generating large quantities of used 
electronic products each year, estimated between 7-8 million tons. The recycling of UEPs is currently 
flourishing in the US, with tremendous growth over the last 10 years. Latest figures show this maturing 
segment of the industry provides a boost of approximately $20.6 billion to the U.S. economy {up from 
less than $1 billion in 2002) and employs more than 45,000 full time employees (up from 6,000 in 2002), 
recycling over4.4 million tons (up from less than 1 million 

These UEPs are collected from both consumers and businesses, evaluated for their value, and then 
classified as working electronic products and parts to be refurbished and resold, or as non-working 
goods to be recycled into scrap commodities either in the United States or abroad. Commodity metals, 
plastics, and glass are used as raw materials in manufacturing processes and circuit boards are sent to 
smelting facilities to recover gold and other precious metals. 

The overwhelming majority of UEPs are recycled in the United States. The Dec. 2013 MIT/NCER study 
funded by the EPA found that more than 90% of used electronics collected domestically are recycled in 
the US. Similarly, a 2013 USITC report {Used Electronic Products: An Examination of US Exports: 
investigation No. 332-528, Feb. 2013) (USITC report), found that 93% are being reused and recycled in 
the US. Of the 7% that are being exported, only a small amount is being sent overseas for disposal. 

ISRI's comments focus on three opportunities to spur the US electronics recycling market: (1) Increase 
collection of UEPs from households; (2) Design new electronics products for recycling; (3) Maximize the 
role of the federal government. 


1 
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(1) Increase Collection of UEPs from Households 

Increasing the amount of household recycling and preventing UEPs from being disposed of in landfills 
provides the largest opportunity to increase recycling of UEPs and increase jobs in this industry. One of 
the biggest challenges and opportunities is raising consumer awareness about how to responsibly 
recycler their UEPs. 

Currently, the US market is driven by UEPs collected from businesses and commercial interests. This 
stream of high quality, uniform equipment comprises about 75% (3.3 million tons) of the UEPs being 
recycled. In the alternative, the Environmental Protection Agency estimates that only 25% (1.1 million 
tons) of UEPs from households and residences are being recycled. This is despite the fact that the 
consumer market is the largest market for new electronic products. Based on these numbers, ISRI 
estimates that there is another 3 million tons or more of household UEPs still moving to landfills or 
remaining in our closets, basements, and garages. 

Educate the Consumer about Recycling 

A 2013 Harris Interactive Poll found that consumers lacked knowledge about recycling of used 
electronics. The Harris survey found nearly 70% of American adults have recycled at least one type of 
small electronics product in the past. Such products include: Ink or toner cartridges, cell phones, desktop 
monitors, laptops, printers, computers, keyboards, and a mouse. Yet, that still leaves nearly 75 million 
Americans (31%) who have never recycled UEPs, primarily because they did not have the right 
information. This figure includes 39% of younger adults ages 18-34 who have never recycled any small 
electronics. Among the reasons given for not recycling (respondents had the option of choosing multiple 
reasons) 

• 26% did not know where to recycle electronics; 

• 16% did not know how to recycle them securely; 

• 14% did not know their device(s) could be recycled; 

• 12% thought it was too much trouble to recycle; and 

• 6% thought the device(s) were supposed to be disposed of in the trash. 

The survey also found that despite the lack of information regarding electronics recycling, 97% of 
American adults would recycle their small electronics. Armed with such information, ISRI has embarked 
on several collaborative initiatives to increase consumer awareness on how to responsibly and safely 
recycle UEPs. 

Earth911/ISR1 Education Effort 

ISRI and Earth911, a subsidiary of Quest Resource Holding Corporation, formed a partnership designed 
to educate the public about the importance of recycling and living a lower-waste lifestyle. The strategic 
partnership brings together the knowledge of ISRI's Industry experts and Earth911's ability to reach and 
engage an audience of more than nine million readers interested in reducing waste and learning more 
about recycling. The partnership will have several key components, including ISRI provided content for 
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Earth9irs website, monthly newsletters, and a series of educational infographics. Additionally, the two 
organizations will conduct quarterly polling to gather data on the public's view of recycling. ISRI 
members will also be featured in the Earth911 Recycling Guide to help consumers find nearby recyciers. 

ISR! is working with Earth911 on a new public awareness initiative called Project Reboot. Project Reboot 
is designed to increase and encourage the safe and secure recycling of household electronics. The 
campaign aims to bring together businesses, corporations, and civic groups to educate the public on the 
need to responsibly recycle electronics. Year-long education efforts will not only focus on the need to 
recycle electronics, but also on the importance of doing so responsibly. Emphasis will be placed on 
recycling electronics through a certified recycler who operates at the highest level of environmental, 
health, and worker safety standards, and guarantees secure destruction of all personal data. In addition, 
there is an electron i cs re cy c li ng p le d ge, social media components (including an interactive Face b oo k 
P^EC'), print materials to promote safe recycling habits, recycle and reuse tips, and more. 

JASON Project 

iSRI is currently working with The Jason Project to develop school curriculum to help teachers and 
students understand both the importance of recycling and the recycling industry. The campaign 
includes branded, standards-based, K-12 curricular experiences; interactive Web-based experiences to 
enhance student engagement; classroom posters featuring ISRI's key educational messages; a leveraged 
national distribution network; strategies for school visits to ISRI facilities; age-appropriate lessons for 
grades K-4, 5-8, and 9-12; for each grade band, a two to four page classroom lesson based on life cycle 
for each commodity; and much, much more. 

Keep America Beautiful/ISRl PSA 

Last year, ISRI partnered with Keep America Beautiful (KAB) in support of an Ad Council administered 
public service advertising campaign titled "I Want to Be Recycled," whose goal is to restart the 
conversation about recycling. In a society where each American produces 4.4 pounds of trash each day, 
this campaign aims to raise awareness and ultimately provide the motivation to change the occasional 
recycler into an everyday recycler. 

ISRI believes that, combined with other collection programs such as the DSPS Blue Earth Federal 
Recycling Program, these initiatives will help to raise consumer awareness about the value of recycling 
UEPs in a responsible and safe manner. 

{2) Design New Electronics Products for Recycling 

When manufacturers design their products for recycling, they provide valuable renewable resources for 
the manufacture of new products and prevent landfill dumping. Begun more than 25 years ago, ISRI's 
Design for Recycling® (DfR) initiative encourages manufacturers to think about the ultimate destiny of 
their products during the design-stage of a product's development. ISRI advocates for the design and 
manufacture of goods that at the end of their useful life can be recycled safely and efficiently. 
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There are several market based programs, consistent with ISRKs DfR policy, that have demonstrated 
success in improving the design of UEPs: US EPA's Environmentally Preferable Purchasing (EPP) 

Program, the Electronic Product Environmental Assessment Tool (EPEAT*), which was developed under 
an EPA grant, and the EPA's Design for the Environment (DfE) Program. 

There are a number of existing design challenges. For example, original equipment manufacturers 
(OEMs) use of mercury. The new technology in flat screen monitors utilizes a system of lamps 
containing mercury powder. These mercury lamps are very time consuming to remove or replace, which 
makes this new technology difficult to recycle. Similarly, some of the cell phone batteries with small 
traces of mercury take up to five minutes to remove. And laptops contain tiny mercury lamps that are 
very difficult to locate and remove. In the end, it takes a lot of extra time to recycle in the proper 
manner. This drives up the labor costs, which makes recycling these products less profitable. The EPP, 
EPEAT*, DfE, and DfR® will help to avoid these additional costs and improve recycling efficiency. 

Collectively, these programs encourage, and have already spurred, the design, manufacture, 
procurement, and use of greener electronics, as well as the recycling of used and end-of-life electronics. 
ISRI welcomes the opportunity to further work collaboratively with other stakeholders to develop a 
market-based approach to greening the life-cycle of electronics. 

(3) Maximize the Role of the Federal Government 

ISRI supports President Obama's National Strategy for Electronics Stewardship (National Strategy), 
which details the federal government's plan to improve the management of electronics products 
throughout its lifecycle. ISRI applauds the National Strategy and encourages the federal government to 
continue to actively implement its recommendations. There are a number of goals within the National 
Strategy that ISRI feels could positively impact this market. 

Build incentives for Design of Greener Electronics 

As the largest procurer of new electronics products, the federal government can use its purchasing 
power to reward manufacturers that have designed their products for recycling. As mentioned above, 
the EPP, EPEAT*, and DfE Programs have already demonstrated their effectiveness in addressing such 
impediments. The federal government should use and leverage these existing programs to further 
encourage the design, manufacture, procurement, and use of greener electronics standards. 

Ensure a Competitive Market 

A competitive market is vital to the health of this maturing industry. As the federal government 
becomes the largest market holder of UEPs, it is vital to ensure a competitive and open-market process 
that allows electronics recycling companies to compete for such contracts. WhileJSRI is encouraged by 
the National Strategy's commitment to make convenient, and cost effective collection of UEPs from the 
federal government and from agency employees, as seen in the US Postal Services Blue Earth Federal 
Recycling Program, we need to make sure that the flows of such collected UEPs are redistributed in a 
competitively bid market. 
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Utilize Certified Electronics Recyclers 

The National Strategy requires the federal government to only use companies that have been certified 
to independent third party certifications, such as R2:2013 and the Recycling industry Operating Standard 
(RIOS)’^“ or their equivalents. The R2/R}OS’“ certification is solely for electronics recyclers to 
demonstrate to customers that electronics are being recycled with the highest standards for data 
privacy, environmental controls, employee health and safety and corporate responsibility. These 
programs have changed the landscape of the industry and most feel that being certified is now a cost of 
doing business as an electronics recycler. As an example of this tremendous progress, the R2 program 
alone has grown from just one (1) facility being certified in 2009 to now 519 facilities in 14 countries. 

ISRI strongly supports this effort and is committed to promoting the benefits of such certifications not 
only here at home but abroad. 

Generate Better Market Data 

The federal government is in a unique position to quantify the amount of UEPs generated by the federal 
government and its employees. As mentioned above, there are a number of recent studies that begin to 
define the value and volume of UEPs that are being collected and recycled in the United States (USITC). 
ISRI remains committed to furthering these goals. However, as we pursue these goals, we need to make 
sure that individual privacy rights and confidential business information is considered for recyclers 
before requiring any additional tracking requirements. 

In the alternative, ISRI supports efforts to develop new custom Harmonized Tariff System definitions to 
identify and separately track sub-categories of UEPs that are likely not being tracked: 

■ Functional, used/second-hand electronics equipment being exported for direct 
resell; 

■ Repairable electronics equipment being exported for repair, refurbishment or 
remanufacturing; and, 

• Non-repairable electronics equipment being exported for manual and 
mechanical recycling 

Enforce Existing Laws 

In order to reward companies that are committed to playing by the rules, there must be a penalty for 
violating the law. Before policymakers contemplate the need for new laws, we need to commit 
resources and dollars to enforce existing laws. 

Perhaps the most significant enforcement opportunity is to enforce the federal Cathode Ray Tube (CRT) 
rule. Predominately because of lead contained in the CRT's found in older televisions and monitors, 
there is a negative costs to recycle these UEPs. Therefore, as the US market has become hyper- 
competitive in securing greater volumes of UEPs, agreeing to take CRTs for a cheaper or no costs option, 
some companies have begun to stockpile CRTs in warehouses across the US and, at times, abandon 
them. Abandoning unprocessed CRTs is not only irresponsible, it is illegal, ISRI supports efforts by the 
federal government to ensure that the CRT rule Is properly enforced to address this growing problem. 
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There is also an opportunity for the federal government to work with the existing certification programs, 
such as R2 Solutions for R2:2013, ISRI Services Corporation for RIOS^“ et al, to ensure that any company 
knowingly stockpiling CRT glass or sending CRT glass to be stockpiled will have their certification 
suspended or revoked and, as a consequence, become non-eligible to bid for government contracts. 

In addition to the CRT rule, electronics recyclers must adhere to the Resource Conservation and 
Recovery Act (RCRA), the Clean Air Act, the Clean Water Act, the Comprehensive Environmental 
Recovery, Compensation, & Liability Act {"CERCLA" or "Superfund"), and occupational health and safety 
requirements within OSHA. In addition, electronics recyclers must adhere to state requirements, as 
well as US export laws and regulations and the import requirements of foreign countries. 

Conclusion 

ISRI thanks the Homeland Security and Governmental Affairs Committee for the opportunity to submit 
comments for the record. The US electronics recycling industry has come a long way in the past ten 
years, but there is still much work to be done. ISRI and its members stand ready and willing to work 
with any and all stakeholders to further spur this market. It is our commitment and goal to continually 
improve this segment of the recycling industry, not only here at home but abroad, until it, too, can 
sustain itself in the global recycling economy. 
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Testimony of Umicore USA Inc. 
before the 

Senate Committee on Homeland Security & Governmental Affairs 
March 12, 2014 

Mr. Chairman, Ranking Member, and Members of the Committee, thank you for the 
opportunity to submit testimony in response to the February 27 Committee hearing 
entitled “Recycling Electronics: A Common Sense Solution for Enhancing 
Government Efficiency and Protecting Our Environment.” 

Introduction 

We would like to begin with a brief introduction to Umicore. We are a global 
materials technology company with annual turnover of over $13 billion and 25% of 
revenues coming directly from the recycling of valuable metals from global waste 
streams. Umicore has developed technology for the responsible and efficient 
recycling of precious-metals-bearing materials, such as so-called e-scrap fractions 
produced from electronic waste, by-products from the non-ferrous metals industry, 
and spent industrial and automotive catalysts. Our end refining process extracts 17 
different metals, which makes it unique in the industry. The economic viability of 
this process is based not only on our unique technology but also on the economies of 
scale we are able to achieve by sourcing e-scrap and other materials from around 
the world. 

In addition, Umicore produces metals-based advanced materials that go into many 
of the products at the cutting edge of renewable energy, automotive, and electronics 
innovation, including rechargeable batteries for laptops, mobile phones and electric 
vehicles; emission-control catalysts for passenger cars; photovoltaic systems; and 
fuel cells. Around the world, Umicore employs over 14,000 people, including 678 in 
the United States. 

Opportunities and Challenges 

We would like to express our support and thanks for the attention and enthusiasm 
Chairman Carper has demonstrated on the issue of electronic waste recycling. The 
Chairman has been a peerless leader for all things recycling, and we are excited to 
continue working with him on the issue. We share the belief that there is 
tremendous opportunity in both championing government leadership in electronic 
waste management and developing smart public policies to enhance the collection 
and recycling of electronic waste in the United States. For this reason, we are 
equally excited and supportive of the continuing federal government efforts, 
including the United States Postal Service’s "Blue Earth Program" and the 
President's National Strategy for Electronics Stewardship. We look forward to 
seeing the updated version of the 2011 National Strategy report when it is available. 

During the February 27* hearing, we were encouraged to see a number of critical 
issues raised and novel ideas proposed by witnesses on the hearing panel. 

Electronic waste management is highly complex for multiple reasons, beginning 
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with the large number of actors involved and, at least in the United States, the large 
number of state policy frameworks. With 25 different state policy frameworks 
guiding the management of electronics disposal, we believe that any efforts to create 
harmony between state regimes should be encouraged in order to help reduce this 
complexity. For this reason, Umicore is supportive of the Consumer Electronics 
Association's [CEA] efforts to pursue a "National Harmonization Framework,” and 
looks forward to working with the CEA and the Committee on exploring the idea 
further. 

As Chairman Carper noted in the hearing, the landfilling and inappropriate recycling 
of electronic waste pose environmental and security risks. But we would argue that, 
most importantly, the landfilling and inappropriate recycling leave significant 
unrealized opportunities for economic growth and job creation. 

The United States is the Saudi Arabia of above ground mines for electronic waste. 
According to ERA, only 25% of electronics ready for end-of-life management in the 
United States are being collected, with an unknown portion of that amount recycled 
according to R2 or E-Steward certification standards. Therefore, a massive 
opportunity still remains for realizing the substantial value embedded in the 
millions of tons of electronic waste sitting in basements, closets, and drawers 
around the country, not to mention in what continues to be sent to landfills and 
exported for recycling, but without using best available technology. 

The National Strategy for Electronics Stewardship demonstrates that the federal 
government understands that as the largest buyer of electronics in the United 
States, it has a responsibility for not only purchasing "green" but also handling those 
electronics appropriately at end of life, in this sense we see a common set of goals 
between the United States and the European Union where the European WEEE 
directive (Waste Electrical and Electronic Equipment Directive) aims to increase the 
collection rates and maximize the recovery of valuable materials from a broad range 
of equipment. There are also other laudable efforts that have called attention to the 
importance of environmental performance, from the manufacturing stage of 
electronics through the product's useful life until its disposition [e.g. Green 
Electronics Council and their EPEAT program). 

To lead by example in the management of electronic waste streams, current federal 
government efforts have focused on various aspects of the four steps involved in 
responsible recycling. 

• On (1) Collection, the United States Postal Service's "Blue Earth Program” is a 
novel approach to simplifying and centralizing collection efforts. We are very 
supportive of the program, and we continue to offer our assistance and 
guidance to the U.S. Postal Service and this Committee when needed. We 
believe the program holds great potential for eventual economy-wide 
application when it will assist in increasing collection and responsible 
recycling through making the disposal process easy, safe, and 
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understandable for the general public. Additionally, the GSA’s efforts hold 
great promise: procuring green electronics that comply with EPEAT 
standards, increasing participation in take-back programs with OEMs, and 
the newly announced efforts to increase the ability to track electronic devices 
through the life cycle, from manufacturing to end of life. 

• On [2] Dismantling/Sorting and [3) Pre-processing: As noted in the testimony 
by the GSA, all electronics at the end of life stage are required by way of 
bulletin B-34 to be sent to certified recyclers. These standards, administered 
by both E-Stewards and R2, ensure that end-of-life electronics are processed 
with concern for environmental, health, and safety standards. 

• On [4] End Refining: With only a handful of facilities in the world capable of 
large scale proper handling and end refining of precious-metals-bearing 
electronic waste materials (which have gone through collection, 
dismantling/sorting, and pre-processing), it is critically important that end- 
of-life electronic waste materials ultimately reach these facilities. In this way 
the recovery of precious metals and other critical and non-critical metals can 
be maximized. At current collection rates in the U.S., there is insufficient feed 
for a large scale end-refining facility in this country. The U.S. needs for end 
refining of precious-metals-bearing electronic waste are well met by existing 
facilities around the world. While there is no certification in place yet for the 
end refining process, Umicore is working with industry groups in the EU 
towards creating one. Work has begun at the European Commission level on 
this topic and CENELEC (European Committee for Electrotechnical 
Standardization) has been charged with the task. 

It is important to note the opportunities for job creation in the United States within 
the electronic waste recycling chain and related industries. Thousands of jobs are 
available in collection, dismantling, sorting, and pre-processing, involving various 
levels of expertise. 

Recommendations 

Umicore encourages the Committee and respective government agencies leading 
electronic waste management efforts to do all they can to ensure responsible 
recycling in all four steps of the recycling process, including end refining. 

• The USPS is taking steps to ensure that materials collected through its Blue 
Earth pilot program are responsibly managed, and we look forward to 
continuing work with them on that effort. 

• The GSA has the responsibility to ensure that all federal government 
electronics are handled appropriately throughout the full recycling chain. We 
encourage GSA to continue its education of federal employees - whether or 
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not their agencies are participating in Blue Earth - concerning proper 
disposal of their devices through appropriate channels. 

We also encourage continued attention to the management of electronics that are 
donated, sold, or given back to vendors by the federal government. We are certainly 
supportive of the repurposing and reuse of electronics when possible. According to 
the GSA's oral comments during the hearing, roughly 50% of discarded electronics 
are donated to schools or educational non-profits and 23% are sold back to original 
vendors, while 22% are repurposed and only 4% are recycled. Therefore it seems 
the majority of discarded electronics are leaving the government’s oversight 
regarding appropriate recycling. It could be helpful if the IJ.S. Government could 
develop tracking mechanisms for the electronics that they donate, as it continues to 
be important to ensure proper end-of-life handling even after those electronics 
leave government hands. 

Policymakers, witnesses from the hearing, and other stakeholders have offered a 
number of promising ideas that we believe may be worth pursuing. These include: 
the Senator's idea to pilot an "electronic waste” drive on a regular basis akin to 
canned food drives; CEA’s idea to develop a "National Harmonization Framework" 
for state electronic waste recycling regimes and their notion of developing school 
curriculum around electronic waste recycling; Keep America Beautiful’s thoughts on 
training the sales force at electronics retailers to encourage recycling; Earth911 
Inc.'s recent prize-winning idea to develop barcodes for electronic devices to better 
identify materials for end of life*. There are many avenues for both the federal 
government and the private sector to work in concert to improve electronic waste 
management in the U.S., much of which is possible within existing statute and 
program funding. 

Thank you again for the opportunity to submit testimony. We look forward to our 
continued work with the Chairman, the Committee, and federal agencies involved on 
this issue. 


* http: //www.marketwired.com/press-release/earth9 1 l-wins-recycling- 
innovators-forum-contest-otcqb-irhc-1830376.htm 
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Product Applications of the Rare Earths 


Stocks of the rare earths reside in products that provide services, and it is therefore 
necessary to understand how the different rare earths are distributed into different 
industrial sectors and specific product groups in order to calculate aspects of the stocks in 
use. In the table below, the principal applications of each of the rare earths are indicated in 
percentage form. These are approximations, based on extensive information from published 
and unpublished sources, and should be regarded as order of magnitude estimates rather 
than definitive information. 


Supplementary Tabic 1. Principal applications involved in in-use stocks (2007]. The 
information is from refs. S1-S4. 


Ce 

Automobile catalytic converters (35%) 

Metallurgy f31%l 

Glass additives (16%) 

La 

Catalysts (30%) 

Metallurgy (22%] 

NiMH batteries (14%) 

Nd 

ComputE'rs f29%l 

Audio systems (22%) 

Wind turbines (13%), 
automobiles (13%) 

Pr 

Computers (27%) 

Audio systems ( 21 %) 

Wind turbines (12%), 
automobiles (12%) 

Dv 

Computers f33%1 

Audio systems (26%) 

Wind turbines (15%), 
automobiles (15%) 

Tb 

Lighting f27%1 

Liquid crystal displays 
(20%) 

Computers (15%) 

Sm 

Defense f70%l 

NiMH batteries (30%) 


Y 

Lighting f45%l 

Liquid crystal displays 
(33%) 

Glass additives (12%) 

Eu 

Lighting f51%l 

Liquid crystal displays 
(37%) 

Plasma (12%) 

Gd 

Computers f32%l 

Audio systems (25%) 

Wind turbines (15%), 
automobiles (15%) 

Ho 

Magnetics fl00%] 



Er 

Fiber optics f75%?1 

Lasers 120%?’) 

Optical glass (5%?) 

Tm 

X-ray (75%?! 

Lasers f20%?1 

Electronics (5%?) 

Yb 

X-ray (75%?! 

Lasers f20%?l 

Electronics (5%?) 

Lu 

Electronics [80%?] 

Medical (20%?) 
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Disaggregation of Rare Earth Production Data 


Rare earth production is generally reported as the sum of rare earths rather than the 
amounts of the individual elements. Because this is unsatisfactory for many purposes, we 
have disaggregated the composite quantities into those for the individual elements. To do 
so, we combine data on the distribution of the rare earth elements in the different mines or 
mining areas with the quantities of output from those mines. The information of 
distribution in eight mines is listed in Supplementary Table 2 after transferring the content 
of RHO into REE from the literatures. By multiplying the annual production of each mine 
(SI, S2) by the distributions, the production of individual rare earth element can be 
computed yearly from 1995 to 2007. This provides an estimate of the flow into production 
of each of the rare earth metals. 

As is the case with all industrial processes, losses occur during fabrication and 
manufacturing, and these decrease the flows from the production stage. No information is 
available regarding the magnitude of these losses. We estimate that the outflows from 
manufacturing are 90% final products (manufactured goods) and 10% discards (ofwhich 
93% is in the form of scrap and 7% as industrial waste). These efficiencies are typical of 
modern industrial fabrication and manufacturing (e.g., S7). 
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Details of disaggregation of “metal flows into use" into product categories 


This study has explored the global flows into use for rare earth metals from 1995 to 2007, 
and the in-use stocks in 2007. Two sets of historic data were utilized to achieve the results: 
production data from China, the U.S., and elsewhere, and end use information from various 
sources. 

For the in-use stocks, the end use information is collected from different sources (S1-S4]. 
This information records the annual distribution of end uses in each country in percentages: 
these are the nine product sectors containing essentially all the REE. The nine end use 
sectors are metallurgical applications, catalysts, automobile catalytic converters, glass, 
permanent magnets, polishing powders, NiMH batteries, phosphors, and agricultural 
applications. The amounts of rare earth elements used in each sector are computed by 
multiplying the distribution percentage by the total amount of end use. 

The nine sectors arc further disaggregated into eighteen specific products using data on the 
distribution of intermediate products among final products (S5, S6}. For example, 
permanent magnets are used in 6 major products: automobiles, family appliances, wind 
turbines, magnetic resonance imaging, audio systems and computers. The same method is 
adopted for the sector of "phosphors” for lighting, liquid crystal displays, and plasma 
displays. 

A lifetime model helps to estimate the in-use stocks by assuming that all the rare earth 
elements stay in the use stage for the time period of their products’ life spans. Each product 
has an average in-use lifetime shown in Supplementary Table 3. Consequently the outflows 
can be calculated using equation (3). Hence, the top-down method Is employed to estimate 
the in-use stocks for individual rare earth elements. The in-use stock equals to the 
difference between the inflows and outflows over a time span from 1995 to 2007. The 
method is presented in equation (4). 


5 



130 


Lifespans of Applications 

Because stocks represent the cumulative difference between material flows entering use 
and those leaving use, the lifetimes of those uses are needed as part of the stocks 
computation. Supplementary table 3 lists the lifetimes we used in the calculations, and the 
sources from which that information was derived. 

Supplementary Table 3. Lifespans of applications 


Applications 

Lifespan (year) 

Reference 

Metallurgical additives and 
alloys 

30 

S7 

Automobile catalytic 
converters 

10 

S8 

Computers 

10 

S9,S10 

Fluid catalytic cracking 

5 

sn 

UV cut gla.ss 

10 

Average of application lifetimes 

NiMH batteries 

5 

Average of application lifetimes 

Audio sy.s'tems 

10 

Modified from ref. S12 

Wind turbines 

20 

SI3,S14 

Automobiles 

14 

SH 

Polishing powders 

1 

Dissipated after use 

Optical gia.s.s 

5 

Average of application lifetimes 

Cathode ray tubes 

5 

Modified from ref. 512 

Defense appiication.s 

15 

Average of application lifetimes 

Fiat panel displays 

10 

Modified from refs. 512. 515 

Family appliances 

15 

57 

Fertilizers 

1 

Dissipated after use 

Magnetic resonance imaging 

10 

Adjusted from ref. S16 

Compact fluorescent 

1 

S17 
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ABSTRACT; Even though rare earth metals are indispensible in modem 
technology, very little quantitative information other than combined rare 
earth oxide extraction is available on their life cycles. We have drawi upon 
published and unpublished information from China, Japan, the United 
States, and elsewhere to estimate flows into use and in-use stodcs fiat 15 of 
the metals: La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tin, Yb, Lu, aiid Y. 
Here, we show that the combined flows into use comprised about 90 Gg in 
2007; the highest for individual metals were ~28 Gg Ce and ~22 Gg La, the 
lowest were ~0.16 Gg Tm and ~0.1S Gg Lu. In-use stocks ranged from 
144 Gg Ce to 0.2 Gg T m; these stocks, if efficiently recycled, could provide a 
valuable supplement to geological stocks. 



J. INTRODUCTION 

The rare earth elements (REE) are a group of metals 
comprised of yttrium, 14 elements of the lanthanide series 
(promethium, whose isotopes arc radioactive with short half- 
lives, is absent from REE ores and is generally excluded), and 
sometimes scandium, Because of their unique physical and 
chemical properties, they are used in a grovring number of 
applications and have become indispensible for a number of 
critical technologies. For example, scandium is a currently 
unmatched ingredient in solid oxide fuel cells and aluminum 
alloys, neodymium is vital to high-performance permanent 
magnets, and yttrium i,s a promising raw material for super- 
conductors and laser technology,' When these intermediate 
products are incorporated in final products such as wind 
turbines, hybrid electric vehicles, or defense applications, the 
rare earths provide performance that is currently irreplaceable 
by alternative materials. These and other technical innovations 
will strongly influence future demand for rare earths.'’^ 

Since 1990, China has played a dominant role in REE mining 
production; other countries are almost completely dependent on 
imports from China with respect to rare earth resources. China 
also has become a major REE user in its manufacturing indus- 
tries. The result has created a perfect storm in which mining 
dominance by China, rapid increases in global REE demand, and 
Chinese promotion of domestic down.stream processing indus- 
tries make a reliable REE supply on the global market proble- 
matic (e.g., refs 2,3). However, the continued increase in the use 
of rare earths during the past IS years has built a substantial 
reservoir of in-use .stocks, which have the potential to supplement 
\drgin stocks in the future. In the present work, we calculate flows 
into use for the individual rare earths, and u.se that information to 
estimate the current in-use stocks. 

ACS PubitCStiOnS ©JOnAmericanChsmicalSoaety 


2. METHODOLOGY 

2.1. Material Flow Analysis. According to the principles of 
Material Flow Analysis (MFA), a metal cycle comprise.s four 
principal stages: production, febrication and manufacturing 
(F&M), use, and waste management and recycling (WM&R). 
A generic framework is presented in Figure 1 to illustrate the 
cycle. The stages within the system are linked to each other by 
flows, the system within a particular cycle is associated with other 
region,? by imports and exports at each stage, and all of the rare 
earth elements are linked through a common processing stage. 

Apart from the flows shown on the diagram, the stocks of metal 
within the reservoirs are also important constituents of the cycles. The 
stocks that exist at the production and F&M stages are relatively small 
in magrvitude and are tran,sient. In contrast, tailings, in-use stocks, and 
discards are larger, and continue to accumulate. In-use stocks, in 
particular, f^y a cnidal role as a growing repository of metal. 

bv-use stocks for a number of metals have been estimated 
regionally and globally. Such stock estimates for iron have been 
generated for the United States,'^ New Haven, ^ Connecticut, 
USA,^ and Beijing.® Copper stocks have been estimated for the 
U.S.,^ North America, and the world," Higher spatial resolu- 
tion estimates have been made for Switzerland,'^ Stockholm, '■’ 
Cape Town,'* Australian cities,'^ New Haven, ^ and Connecticut.'^ 
Aluminum in-use stocks have been generated globally and regio- 
naUy.'® The results of these studies demonstrate the enrichment 
of metals in modern society and the importance of the realization 
of current reservoirs created by human activities. 
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Figure 1. Lite cycle of the rare earths at the global level The processmg step is where the rare earth oades (REO) are refined and separated into die 
individual elements. The fabrication and manufacturing stage is comprised ofriie transformation of the group of elements into intermediate (capacitors, 
phosphors, permanent magnets, etc.) and final (catalysts, wind turbines^ computers, batteries, etc.) products. A few of the unique fabrication and 
manufacturing stages are indicated on this representafional figure, as are a few of the final products. The use stage is where final products are employed. 
After use, the products are discarded mto the waste management and recycling system. 


Data in the present study are from the U.S. Geological 
Survey, the Japan Oil, Gas and Metals National Corporation 
(JOGMEC), the Metal Economics Research Institute inJapan, 
and the China Society of Rare Earths, as well as industry contacts. 
Relevant literature published in Chinese or Japanese was also 
extremely helpful. Because the U.S. was and China is now the 
main REE producer in the world, analysis of the production life- 
cycle stage relied largely on data from the U.S. and China. In the 
same fashion, because the U.S., Japan, and China are the three 
major fabricators and manufacturers in the rare earth market 
(constituting some 90% of world demand in 2006) in-use 
stocks for these three countries are regarded as representative of 
global stocks. 

2.2. Production Stage. Production is the processing step in 
which tare earth oxides are refined and separated into the 
individual elements. Statistics on production are given as the 
total of rare earth oxides.^^’^^ Those data are first converted to 
total REE content by multiplying by the individual REE/REE 
oxide atoniic weight fraction. The resulting statistics arc then 
disaggregated into values for the individuai elements, given two 
separate type, s of information: the average distributions of the 
rare earth elemen ts in tl\e ores of individual mines, and the year- 
to-year production of each of the mines, or 

( 1 ) 

where is the REE/REE oxide atomic weight fraction for 
element m, is the flow into manufacturing of REE m in 
year fc, is the fraction of element m in the ore of mine J, and 
Pjfi is the REE production of mine j in year fc. Because about 25% 
of the rare earth content of ores is lost to tailings and about 5% to 
slag, calculating pennits processing losses to be estimated 
as well. 

Almost the entire supply of REE since 1995 has come from 
eight mines: Mountain Pa,ss in the U.S. and seven mines in China, 
The production histories of the mines are given in refe 21 and 22i , 
Eiemental distributions of the different mines are given in reft 
21 -24. The data are summarized in Table S2 of the Supporting 
Information. 

2.3. Fabrication and Manufacturing Stage. As is the case 
with aii industrial proceiises, losses occur during fabrication and 
manufacturing, and these decrease the flows from the production 
stage. No information is available regarding the magnitude of 


these losses. We estimate that the outflows from manufacturing 
are 90% final products (manufactured goods) and 10% discards 
(of which 93% is in the form of scrap and 7% as industrial waste). 
These efficiencies are typical of modern industrial fabncation and 
manufacturing (e.g., ref 4). 

2.4. Use Stage. REE flows from manufacture into use rely on 
data for the distribution of individual REE into products (Table 
SI of the Supporting Information).^*'”’^^'^'^ The approach 
involves multiplying these percentages by the total rare earth 
use in each country and aggregating the flows for the same sector 
in three countries to derive die global flows into use for seventeen 
major end use sectors: metallurgical additives and alloys, auto- 
mobile catalytic converters, computers, catalysts, glass additives, 
nickel metal hydride batteries, audio systems, wind turbines, 
automobiles, polishing powders, lighting, defense ^plications, 
liquid crystal displays, family appliances, fertilizers, magnetic 
resonance imaging, and plasma. The calculation is Comjplicated 
by the fact that a number of product application utilize mote 
than one of the REE. For example, peraianent magnets typically 
contain Nd, Pr, Dy, Gd, and Tb in proportions of 
5%, 2%, and 0.2%. The magnets see use also in automobiles, 
electric toys, wind turbines, computers, domestic appliances, and 
speakers. In each Ccise of this type, the appropriate REE composi- 
tions are applied in deriving the elemental distributions in tho.se 
use sectors. (Details of the disaggregation are in the Supporting 
Information.) 

China, Japan, and the U.S. constitute about 90% of global 
product manufacture involving the rare earths. The product 
distribution differences among the countries are substantial 
Automobile catalytic converter.? accounted for 32% of rare earth 
use in the U.S. in 2007, the second biggest use being in metal- 
lurgical additives and alloys (around 21%). Japan used 28% and 
27% of total rare earths on permanent magnets and polishing 
powders, and 15% on automobile catalytic converters. The most 
dramatic changes in recent REE use have occurred in China. 
China has traditionally employed rare earths in applications such 
as metallurgical additives and alloys, petroleum refining, and glass 
and ceramics, but new applications in China have grown signifi- 
cantly since 2002. The end use history in China from 1995 
to 2007 demonstrates the dramatic increase in these new 
applications, primarily permanent magnets, polishing powders, 
nickel hydride batteries, phosphors, and automobile catalytic 
converters. 
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Table 1. Flows into Use and in- Use Stocks Calculated for the 
Rare Earth Elements in 2007 


element 


Ce 

Pr 

Nti 

Sm 

Eu 

Gd 

Tb 

l>y 

Ho 

Er 

Tm 

Yb 

I..U 

Y 


flows into use (Gg/yr) 

21.9 

27.9 

4.1 
14.8 

2.1 
0.3 
2.1 
0..3 
1.7 
0.3 
0.9 
0.2 
0.7 
0.1 
12.3 


io-use stodt :{Gg) 

86 

144 

SO 

J37 

3.3 

0.4 

3.6 

0.7 

3.6 

2.1 

3.9 
0.2 
0.7 
0.6 

6.9 


2.5. End of Life. WTien products containing rare earths are 
di-scarded, the quantity of material in use is diminished. The 
lifetime model used to estimate end of life flows is based on the 
assumption that all the rare earth elements stay in the use stage 
for the time period of their products' life spans. Each product 
group has an average in-use lifetime, which can be used to 
compute these outflows, and thus the outflows of each of the 
rare earth elements. We utilize the lifetimes given in Table S3 of 
the Supporting Information, and calculation outflows as 

f'Ool,nt,fc — •Pln,m,fc — <( (^) 

foutim,!: Is the outflow of element m in year fc from the use 
stage, is the inflow of element m in year fc - tj, and f,- is 

the lifetime of product i. 

2.6. !n-Use Stocks. The top-down metliod is employed to 
estimate the in-use stocks for individual rare earth elements in 
this study. T o satisfy the conservation of mass, stock changes in a 
particular reservoir must equal the difference between all inputs 
and all outputs over a time span (to - t). For a continuous case, 
the in-use stock is given by the integral equation:^^’^* 

S-«(0 = f “ F’out,m,i(f))d^ -f- S„((o) (4) 

Jh . 

where 5^(0 = stock at time t; .S’,„(fo) = stock at time to; = flow 

into use of element m in product application i; Fo,m, m,i = flow out of 
use of element m in product application i. 

3,. RESULTS 

3.1. Flows Into Use. In 2007, China produced 120.8 Gg of rare 
earth oxides from three mining regions: Bayan Obo, Inner 
Mongolia (69 Gg); Mianning, Sichuan Province (6.8 Gg)j and 
Jiangxi Province (45 Gg),^' and lost approximately 36 Gg of rare 
earths to tailings and 7 Gg to slag. The Chinese production 
constituted 97% of the global total. Other rare earth oxide 
producens in 2007 were India (2.7 Gg), Brazil (0.65 Gg), and 
Malaysia (0.38 Gg).^^’'^ Even though rare earths have not been 
mined in the U.S. since 2001, small amounts of rare earth, 
concentrates previously generated at Mountain Pass, CA, were 



Year 


Figure 2. Estimated global production of selected rare eartlis during the 
period 1995 - 2007. 


domestically processed in 2007 into lanthanum concentrate and 
didymium (75% neodymium, 25% praseodymium).^^ 

Similarly, rare earth production during the period 1995—2007 
was evaluated; this demonstrated the rapid production increases 
during that period: from 65 Gg in 1995 to 107 Gg in 2007 (both 
figures are for rare earths, not their oxides). The year, 2006 had 
the highest production, 111 Gg. These annual REE flows were 
then disaggregated into those of the individual elements. The 
2007 results are given in Table 1. 

Figure 2 shows two groupings of the results, with the principal 
product sectors into which the rare earths flowed in 2007 
indicated by color. Four elements (La, Ce, Nd, and Y) constitute 
about 85% of the total REE flows into use. Their dominance has 
slightly dropped (from 91% to 85%) in the 12-year history 
because of emerging applications for other REE elements. 

Ce has been the REE metal with the largest flow into use for 
the 1 2 years, the amount growing from 24 Gg in 1 995 to 28 Gg in 
2007. However, this rate of growth is relatively small compared to 
those for the other three elements. Flows of La increased from 16 
Gg to 22 Gg, Nd from 8 Gg to 1 5 Gg, and Y from 3 Gg to 12 Gg. 

Flows into use for the other REE are significantly lower. Those 
for Pr, Sm, Gd, and Dy are only a few Gg per year. Annual flows 
into use in 2007 for Er, Ho, Tm, Eu, Yb, and Lu are at or below 
about 1 Gg/yr. 
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3.2. In-Use Stocks, The estimated in-use stocks of the REs, 
computed using eq 4 in the Methodology section, are given in 
Table 1. Because these are derived from kiiowledge of the 
product sectors containing the REE, the product constitution 
of these stocks is known, Figure 3 illustrates the in-use stocks for 
selected REE elements in 2007. In-use stocks ranged from 144 
Gg Ce to 0.2 Gg Tm, and summed to 448 Gg total 137 Gg Nd is 
the second largest Ln-use stock. Together, Ce and Nd stocks 
constituted nearly 63% of the total. 86 GgLaand 50 GgPr reside 
in stocks, a,s do 8.6 Gg Dy, 6.9 Gg Y, 3.6 Gg Gd, 3.3 Gg Sm, 0.7 Gg 
Tb, and 0.4 Gg Eu. 

Among the iise.s making up the Ce in-use stock, automobile 
catalytic converters and metallurgical uses constituted 50 Gg and 
45 Gg, about 30% each of the total. Twenty-six Gg Ce is stored in 
glass additives. Doth the nickel hydride battery and polishing 
powder stocks of Ce were 9 Gg. 

Nd in-use stocks were 137 Gg being approximately 31% of 
total REE stocks. Nd’s stocks reside largely in computers (40 Gg), 
audio systems (31 Gg), wind turbines (18 Gg), and automobile 
( 1 8 Gg). 86 Gg La are primarily stored in catalysts (26 Gg 30%), 
metallurgical additives and alloys (22 Gg 26%), nickel hydride 
batteries (HGg, 16%), and gia.ss additives (lOGg 12%). Pr in-use 
stock is 50 Gg including 13 Gg in computers, 10 Gg in audio 
systems, 6 Gg in wind turbines and 6 Gg in automobiles. 'Hie 
quantities of in-use stocks for the other REE, are significantly lower. 



Figure 4. Rare earth in-use stocks in principle applications, by element 
(2007). 


Stocks for Ho, Er, Tm, Yb, and Lu in 2007 are roughly 
estimated by aggregating the flows into use within the lifespan 
of their major applications. Ho has no commercial use except in 
magnetics, so the stock is roughly estimated as 2.1 Gg the total of 
10 years flow into use, Er’.s principal use involves fiber optics, 
lasers, and optical glasses; therefore about 3.9 Gg is in stock if we 
assume a 5 year lifespan for the optical glasses. Tm is primarily 
used in X-ray applications and lasers; the stock is thus only about 
0.2 Gg because of the modest lifetime of the radiation tube. A 
similar analysis gives 0.7 Gg stock for Yt. Because of the rarity and 
high price, lutetium has very few commercial uses so tlie stock of 
Lu is roughly approximated as the total of 5 years flows into use, 
or 0.6 Gg. Table i presents estimated flows into use and in-use 
stocks for the rare earth elements in 2007. 

The Figure 3 data canbe rearranged to show in-use REE stocks 
by product sector (Figure 4). The sector with the largest in-use 
REE stocks is metallurgical applications - mainly in the form of 
“mischmetal" (an alloy with approximate composition of 50% 
Ce, 25% La, and the remainder mostly Nd and Pr). With the 
growing demand for Nd and Pr in magnets, current processing 
sometimes recovers those elements individually; leaving a mis- 
chmetal composition con.slsting almost entirely of Ce and La. 
The sector with the next highest REE stock is computers, which 
contain Nd, Pr, Dy, Gd, and Tb. Automobile catalytic converters 
rank the third among the rare earth stocks with mostly Ce. Six 
other product sectors also have significant in-use stocks: audio 
systems (mostly Ce), glass additives (Ce and La), nickel metal 
hydride batteries computers (Nd, Pr, Dy and Tb), catalysts 
(predominantly La), automobiles (Nd and Pr), and wind tur- 
bines (Nd and Pr). Together, REE in these nine product sectors 
constitutes nearly 88% of the total in-use REE stocks. (Table SI 
of the Supporting Information shows the principal applications 
invoK^ed in in-use stocks in 2007.) 

A. DISCUSSION 

This study has explored the global flows into use for rare earth 
metals from 1995 to 2007, and the in-use stocks in 2007. Two 
sets of historic data were utilized to achieve the results: produc- 
tion data from China, the U.S., and else^vhere, and end use 
information from various sources. 

Figure 2 clearly demonstrates the evolution of REE use in 
recent years. The overall amount has increased from about 80 Gg 
of in 1993 to about 120 Gg in 2007 (expressed as rare earth 
oxides). For some of the less abundant REE, however (Sm, Gd, 
Dy, Er, Yb) the use has at least tripled during that interval, a result 
that emphasizes that, whereas REE can often be treated as a 
group SO fiir as geology is concerned, their employment in 
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modern technology very much depends on the chemical and 
physical properties of the indmdual elements. 

In-use stocks of the REE totaled around 440 Gg in 2007, with 
most of the stock in four elements: La, Ce, Nd, and Pr. That stock 
is some four times the 2007 annual extraction rate, -wdiich sug- 
gests that REE recycling may have the potential to o^et a 
significant part of REE virgin extraction in the future. In adchtion 
to providing some limitations to supply risk, recycling could 
minimize the environmental challenges present in REE raining 
and processing. Recycling REE is challenging, however. 
Recycling appears possible for metallurgical applications, auto- 
mobile catalysts, and magnets in wnd turbines and automobiles,- 
where REE are used in fairly large quantities. As seen in Figure 4, 
however, these applications mostly utilize the "big four” RM; La, 
Ce, Nd, and Pr. The recycling potential for other REE, which are 
used in small but carefully selected amounts in imaging, displaj^ 
defense, and similar applications, appears to be quite low. 

As stated in the Introduction, China currently dominates the 
mining and processing of virgin REE ores. Corporations and 
governments seeking to minimize supply risk in the next few 
years do not have many promising options, but one is to 
encourage reuse and recycling of REE as the products containing 
them are discarded. Additionally, designers can attempt to rede- 
sign products or substitute other matenals for REEs if adequate 
product performance can be maintained. Over the longer terra, 
the likely opening of REE mining in Mountain Pass in the U.S. 
and Mount Weld in Australia in the next few years will even- 
tually provide a more geographically dispersed extraction picture. 
Nonetheless, so long as rates of use continue to increase, REE 
availability, especially for the less abundant REE, will continue to 
be a challenge. 

As is the case with many materials, but p erhaps especially with 
REE, a comprehensive picture of the use and loss is not easy to 
acquire. Individuals or corporations involved in the life cycle 
flows of these metals typically know one part of the cycle very 
well- mining of ore, or purification of metai, or sales of specific 
products- but not of the entire sequence of acquisition, use, and 
eventual loss. Our contribution in the present work is to 
characterize, albeit rather approximately, the quantity of rare 
earths being used in primary use sectors, and the stocks of rare 
earths that currently exist in products providing service. The 
results provide general guidance for the potential of in-use stocks 
to be reused and thus to go on providing the excellent product 
perfbnnance for which REE are known. 
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ABBREVIATIONS 

Dy = dysprosium 
EOL = End-of-Life 
EV = Electric Vehicle 
HDD = Hard Disk Drive 
HEV = Hybrid Electric Vehicle 
Nd = neodymium 

PHEV = Plug-in Hybrid Electric Vehicle 

REO = Rare Earth Oxide 

REPM = Rare Earth Permanent Magnet 
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SECTION A ™ METHODOLOGY 

A 1 - CAiJculation modi. I H)l potential Wind and Automotiye [GJobal & .EU-27J 


Wind Turbines | 


© © 2m, ' © 



Figure SI ■> Calculation model for EOL potential of REO in REPMs in Wind Turbines 


I Automotive | 20n ^^ 202 ? 



Figure S2 - Calculation model for EOL potential of REO in REPMs in Plug-in Hybrid Electric Vehicles 
(PHEVs), Hybrid Electric Vehicles (HEVs) and Electric Vehicles (EVs) 
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SECTION B - INPUT DATA 


In this Section, the main input data is shown. For more detailed infonnation or questions, please 
contact the authors or request a full report on all data input (Rademaker, 2011). 


Bl - Baseline Scenario: Wind IGlobal & EU-271 


Label 

Description 

Value 




EU-27 

Global 

© 

Historic data and Forecast on New Installed Wind 

Turbine Capacity 

See Table S3,S4,S5 

See Table S2 

© 

Share of REPM turbines 

2010: 10% 

2020; 15% 

2030: 20% 

2010: 10% 

2020: 22.5% 

2030: 30% 

2040; 40% 

© 

kg of NdFeB-magiiet per MW 

700 

700 

© 

Composition of NdFeB-magnet 

29Nd.6% Dy 

29 Nd. 6% Dy 

© 

Average time until repowering 

12 years 

1.2 years 

© 

Life-time of typical REPM wind turbine 

20 years 

20 years 

0 

Life-time of reuse 

15 years 

15 years 

® 

Share of Installed capacity that is being replaced 

through the process of repowering 

See Table S6.S7 

See Table S6.S7 

0 

Exported turbines 

0% 

0% 

© 

Share of repowered turbines of which the lifetime 

is not extended; waste 

20% 

20% 

0 

Share of repowering turbines that is reused 

80% 

80% 

© 

Share of end-of-life wind turbines that is exported 

0% 

0% 

© 

Share of end-of-life turbines that is regarded as 

waste 

ioo% 

100% 

0 

Collection Rate 

100% 

100% 


Table SI - Key assumptions EOL Potential of REEs from REPM Wind Turbines 
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His tor ic data and Forecast on New Installed Wind Turbine Capacity [Global! 



2011 

2012 

2013 

2014 

201S 

2016 

2017 

2018 

2019 

2020 

New Installed 
Capacity 
Onshore 
repowering 

39,9 

44,5 

49.7 

55.5 

61.6 

66.0 

70.5 

74.5 

79.0 

84.3 

0.2 

0.3 

0,5 

0.7 

1.3 

1.3 

1,5 

2,5 

3.4 

3,8 

Total Annual 
Installed 

4§ 

44.8 

50.2 

56.2 

62.9 

67.3 

72.0 

77.0 

82.4 

88.1 


2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

New Installed 
Capacity 

84.7 

87.0 

89.5 

92.7 

92.9 

96.7 

100.3 

102.3 

101.7 

112.6 

Onshore 

repowering 

6.5 

7.3 

8.1 

8.2 


15.3 

19.9 

26.6 

36.6 

35.8 

Total Annual 

Installed 

Capacity 

91.2 

94.3 

97.6 

100.9 

104.4 

112.0 

120.2 

128.9 

13S.3 

148,4 


2031 

2032 

2033 

2034 

2035 

2036 

2037 

2038 

2039 

2040 

New Installed 
Capacity 

H0.2 

107.4 

104.0 

99.9 

95.2 

95.2 

95.0 

94.6 

93.9 

93.1 

Onshore 

repowering 

40,1 

44.8 

50.2 

56.2 

62.9 

67.3 

72.0 

77,0 

82.4 

88.1 

Total Annual 

Installed 

Capacity 

150.3 

152.2 

154.2 

156.1 

158.1 

162.5 

167.0 

171,6 

176.3 

181 .2 


Table S2 - New Installed Wind Power Capacity, incl. repowering. Baseline Scenario: 2011-2040 [Global]. 
Adapted from (GWEC & Greenpeace, 2010) 


(a) 

Historic data and Forecast on New Installed Wind Turbine Capacity fEU-271 



2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009' 

2010' 

New Installed 
Capacity 

4.5 

4.5 

5,7 

5.3 

5.7 

6 

7.4 

8,3 

8.4 

8.4 

.9 

Onshore 

Repowering 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.1 

0,1 

0.1 

0,1' 

0,1' 

Total New 
Installed 

3,2 

4.5 

5.8 

5.4 

5.8 

6.1 

7.5 

8.4 

8.5 

8.5 

9.1 


Table S3 - New Installed Wind Power Capacity EU-27. Historic Data: 2000-2010. (EWEA, 2009) & (GWEC, 
2011) 

‘(GWEC, 20 11) 

^ Repowering figures not reported by (GWEC, 2011), so taken from (EWEA, 2009) forecast 



2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

New Installed 
Capacity 

11.3 

U.4 

11.3 

11.6 

12.4 

13.1 

13.6 

14.4 

14.0 

15.4 

Onshore 

Repowering 

0.2 

0.3 

0.5 

0.7 

1.0 

1.3 

1,9 

2.6 

3.5 

4.2 
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Total New Installed 11.5 11.7 11.8 12J3 13,4 14.4 15.5 17.0 17.5 19.6 



2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

New Installed 
Capacity 

18.4 

20-5 

20.3 

20.1 

18.9 

17.6 

16.3 

i 5.8 

15.7 

15,1 

Onshore 

4.7 

5.6 

5.6 

6.3 

7.1 

7,9 

8.2 

8.1 

8.5 

9.0 

Total New 

InstfilipH 

23.1 

26.1 

25,9 

26.4 

26.0 

25.5 

24.5 

23.9 

24.2 

24.1 


Table S5 - New Installed Wind Power Capacity in the EU-27: 2021-2030 Forecast (EWEA, 2009) 


@: 


Share of Installed ca pacity that is being replaced through the process of repowering 
IGlobal & EU-271 


In Table SI to S5 the new installed capacity through repowering is shown. Each newly installed 
MW through repowering replaces an, typically lower, amount of MW of old turbines. This is 
deducted by taking the ‘repowering factor’: the ratio of new installed capacity over removed 
installed capacity. 


Source 

Repowering 

Factor 

Year 

(EWEA . 20 n ) & (EWEA , 2009) 

i 

2000 10 

2030 

(Deutsches WIndenergie-Institut. 2010) 

3.26 

2010 

Dataset from (Deulscher St^dte- unci 

Gemeindebund, 2009) 

2.7 

2000 to 

2009 


Table S6 - Repowering factor (20) 1.20301 


A higher repowering factor is an indicator of technological development: higher capacity to 
replace outdated turbines. As developments in wind turbines are expected to slow down in the 
long term, the following repowering factor was assumed: 


2011 

2015 

2020 

2025 

2030 

Repowering Factor 3 

3 

2 

1 

1 


Table S7 » Repowering factor [2011-2030] 


02.:-jBaseJinc Sccmtrig.i Autgra^^ 


Label 

Description 

Value 



Global & EU-27 


Historic data and Forecast sales of (P)HEVs and 

EVs [Globall 

See Table S9 to S14 
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© 

kg of REPM in the electric motor per vehicle 

HEV; 0.01 182kg/kW 

motor power 

EV; i.5 kg/vehic!e 

© 

Composition of REPMs 

29% Nd, 9% Dy 

© 

Life-time of average vehicle 

16 

© 

Exported Hybrid Electric Vehicles 

0 

© 

Collection Rate 

100% 


Table S8 - Key assumptions EOL Potential of REEs from REPM Automotive 


(a) 

Historic data a nd Forecas t sales of (P)HEVs and EVs [Global] 


1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2005 

2007 

(P)HEV 

25969 

38100 

55899 

82012 

120325 

176535 

259005 

380000^ 

446880 


Table S9 - Estimation of global historic Sales (P)HEVs from 1998 to 2007. 

‘ (Greencarscongres.com, 2010) 

^ (Nylund, Aakko-Saksa, & Sipila, 2008, p. 96) 



2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2010 

(P)HEV 

525274 

735424 

939296 

1216103 

1673392 

2075072 

2321509 

2681174 

2848047 

EV 

301 

3774 

22985 

53953 

101846 

171464 

237448 

292592 

357536 


Table SIO - Forecast on global HEV, PHEV and EV sales from 2009 to 2016. (J.D. Power, 2010) 



2017 

2018 

2019 

2020 

2021 

2022 

2023 

(P)HEV 

4015746 

5662202 

7983705 

1 1250000 

12605625 

14124603 

15826617 

EV 

430473 

518290 

624021 

750000 

852525 

969065 

1101536 


3024 

2025 

2025 

2027 

2028 

2029 

2030 

(P)HEV 

17733725 

19870639 

22265051 

24947989 

27954222 

31322706 

35100000 

EV 

1252116 

1423281 

1617843 

1839002 

2090394 

2376151 

2700000 

Table SU 

- Forecast 

on global 

HEV, PHEV 

and EV 

sales from 

2017 to 2030. 

Calculated 


(McKinsey&Company, 2009). 
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Histor ic data and Forec ast sale s of ( P)HEVs and EVs fEU-2 71 



2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

Prius 

709 

2320 

841 

859 

8,136 

18.758 

22,778 

32,!7 I 

41,495 

Lexus 

RX400h 






21,484 

20,936 

18,200 

16,586 

Lexus GS 

4S0h 







1 .970 

2.768 

2.539 

Lexus 600h + 
600hl 








780 

1,862 

Total 

709 

2320 

841 

859 

8,136 

40,242 

45.684 

53,919 

62,482 


Table S12 - European Historic Sales of HEVs {Hybridcara:om, 2009) 



2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

(P)HEV 

81,067 

82,472 

136,092 

190,929 

296,710 

395,417 

441,720 

577,842 

600,734 

EV 

100 

500 

1,000 

5,000 

8000 

15.000 

25,000 

40,000 

50,000 


Table S13 - Forecast on EU-27 HEV, PHEV and EV sales from 2009 to 2016. (,J.D. Power, 2010) 


The sales data from Hybridcar.com and J.D. Power differ for the year 2008, while both reports 
were made after the year 2008 and should have had a similar sales figure. To align both data sets, 
the figure for 2008 was averaged between both sources, resulting in an estimated 71,745 unit 
sales for 2008. 



2017 

2018 

2019 

2020 

2021 

2022 

2023 

(P)HEV 

883,680 

1,299,893 

1,912,142 

2.812,500 

3.151,406 

3331,151 

3,956.654 

EV 

69,500 

96,605 

134381 

187300 

213,188 

242,394 

275,602 


2024 

2025 

2026 

2027 

2028 

2029 

2030 

(P)HEV 

4,433,431 

4,967,660 

5366.263 

6336,997 

6,988355 

7,830,676 

8,775,000 

EV 

313360 

356,290 

405,102 

460,601 

523,703 

595,450 

675,000 

Table 814 

- Forecast 

on EU-27 

HEV, PHEV and EV 

sales from 

2017 to 2030. 

Calculated 


(McKinsey&Company, 2009) and (European Automobile Manufacturers Assocation, 2010). 


B3 - Baseline Scenario: UDDs [GlobaL& EU -27J 


Label Description Value 

™ _____ 
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© 

© 

Historic data and forecast on PC 

sales 

Historic data and forecast on the 

See Table S16, SJ7 

subdivision of Desktops and 

See Table Si 8 to S2l 

Portables in PC sates 


© 

Percentage of Desktop with HDD 

100% 

® 

Percentage of Portable with HDD 

From 100% in 2010 to 58% in 

2020 and 14% in 2030 

® 

kg REPM per HDD from Desktop 

0.015 kg 

© 

kg REPM per HDD from portable 

0.002 kg 

© 

Average lifetime of desktops and 

Desktop: 10 years 

portables 

Portable: 6 years 


Exported PCs outside region 

0% 

© 

Composition of REPM 

29% Nd and 0% Dy. 

© 

Waste 

100% 

© 

Collection Rate 

50% 


Table S15 > Key assumptions EOL Potential of REEs from REPM in HDDs in PCs 


(a) 

'■ — ' Historic d ata a n d forecast on PC sales IGloball 



2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

Worldwide 

136 

140 

168 

196 

204 

227 

260 

288 

296 

319 


2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

Worldwide 

350 

385 

414 

426 

456 

500 

541 

571 

590 

626 


2021 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

Worldwide 

679 

725 

766 

790 

829 

887 

946 

976 

1020 

1053 


Tabie S16- Forecast Sates Worldwide. In miUion units, (Yu, WiiUams, Ju, & Yang, 2010) (Williams, 2011) 


S9 



149 


(a) 

Historic data a nd fore c ast on PC sales [EU-271 



Figure S3 - Forecasting computer sales and generation of obsolete computers in Western Europe (Yu, Williams, 
Ju, & Yang, 2010) 



Figure S4 -■ Forecasting computer sales and generation of obsolete computers In Eastern Europe (Yu, Williams, 
Ju, & Yang, 2010) 
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2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

Western Europe 

32.5 

32.5 

36.3 

45.9 

46.6 

45.0 

48.2 

60.3 

64.7 

65.3 

Eastern Europe 

6.7 

7.3 

7.4 

10.5 

9.9 

15.3 

15.8 

18.3 

19.3 

21.2 

Total WE+EE 

39.2 

39.8 

43.7 

56.4 

56.5 

60.3 

64.0 

78.6 

84.0 

86.5 

-10% 











Total EU-27 

35,3 

35,8 

39.3 

50.8 

50.9 

54.3 

57.6 

70.7 

75.6 

77.8 


2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

Western Europe 

65.4 

68.0 

76.0 

77.3 

76.6 

76.7 

79.3 

83.5 

83.4 

82,8 

Eastern Europe 

28.3 

31,1 

33.6 

35.8 

39.7 

42.7 

45.3 

47.5 

48.9 

28.3 

Total WE+EE 

96.3 

107.1 

110.9 

112.3 

116.4 

122.0 

128.7 

130.9 

131.6 

96,3 

-10% 











Total EU-27 

86.7 

96.4 

99.8 

lOUl 

104.8 

109.8 

115.9 

117.8 

U8.5 

86.7 


2021 

2022 

2023 

2024 

202S 

2026 

2027 

2028 

2029 

2030 

Western Europe 

82.7 

84.6 

86.5 

86.2 

85.4 

85.7 

86.9 

87.5 

87.0 

86,8 

Eastern Europe 

51.5 

53.4 

54.6 

55.9 

57.0 

57.5 

58.7 

59.0 

58.8 

59,9 

Total WE+EE 

134.2 

138.0 

141.0 

142.0 

142.4 

143.2 

145.6 

146.5 

145.8 

146.7 

-10% 











Total EU.27 

120.8 

124.2 

126.9 

127.8 

128.1 

128.9 

131.0 

131.8 

131.3 

132.0 


Table S17 - Forecast Sales EU'27. In million units. From Figure S3 and Figure S4 from (Yu, Williams, Ju, & 


Yang, 2010) (WilUams, 2011) 

As can be read from Table S17, the regions Western Europe and Eastern Europe are added up. 
Some countries were part of this category that are not in the EU-27. The data is transformed to 
match the EU-27 using a GDP relation. 


^ Historic data and For e cast on the subdivision of Desktops and Portables in P C sales 
r oioban 



2006 

2007 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Desktop 

162 

153 

145 

136 

148 

154. 

156 

157 

156 

Portable 

66 

97 

143 

169 

209 

249 

292 

340 

396 

Total 

227 

250 

288 

305 

357 

403 

448 

497 

553 

Desktop 

29% 

39% 

50% 

55% 

58% 

62% 

65% 

68% 

72% 

Portable 

71% 

61% 

50% 

45% 

42% 

38% 

35% 

32% 

28% 


Table S18 - Desktop/Portable composition in Historic and Forecast PC Sales: 2006-2014. Compiled from (IDC, 
2009) and (IDC, 2010) 

* Extrapolated (backwards) 

** Calculated by combining 2008 sale,s and growth rate of 2007 to 2008 

In older forecasts and sales figures, for example one from 2006, IDC did not account for portables 
and PCs sale separately. It is therefore backcasted, assuming rapid development of the portables 
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and knowing from IDC reports that from 2004 onwards the portables were a main driver of 
growth in the PC market. 



2001 

2002 

2003 

2004 

2005 



Desktop 

96 % 

93 % 

91 % 

77% 

80% 



Portable 

4 % 

7% 

9 % 

13% 

20% 




2015 

20H 

2017 

2018 

2019 

2020 

2020- 

2030 

Desktop 

24 % 

22% 

20% 

19% 

18% 

18% 

18% 

Portable 

76% 

78% 

80% 

81% 

82% 

82% 

82% 


Table S19 - Desklop/Portable composition in PC Sales; 2001-2005 and 2015-2020. 



Histo r ic data and Forecast o n the subdivision of Desktops and Portables in PC sales 



2006* 

2007’* 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

Desktop 

37 

34 

31.4 

28.4 

29.3 

29.3 

28.8 

28.4 

28,1 

Portable 

25 

29.4 

34,2 

42.6 

49.1 

56.4 

64.1 

72.7 

81.6 

Total 

62.00 

63.42 

65,6 

71 

78.4 

85.7 

92.9 

101.1 

109.7 

Desktop 

60% 

54% 

4S% 

40% 

37% 

34% 

31% 

28% 

26% 

Portable 

40% 

46% 

52% 

60% 

63% 

66% 

69% 

72% 

74% 


Table S20 - Desktop/Portable composition in Historic and Forecast PC Sales: 2006-2014. Compiled from (IDC, 
2009) and (IDC, 2010) 

* Extrapolated backward.s 
** {Businesswire, 2006 ) 


In older forecasts and salCvS figures, for example one from 2006, IDC did not account for portables 
and PCs sale separately. It is therefore backcasted, assuming rapid development of the portables 
and knowing from IDC reports that from 2004 onwards the portables were a main driver of 
growth in the PC market 



2001 

2002 

2003 

2004 

2005 



Desktop 

92 % 

86 % 

81 % 

74% 

67% 



Portable 

8 % 

14% 

79% 

26% 

33% 




2015 

2016 

2017 

2018 

2019 

2020 

2020- 

2030 

Desktop 

24 % 

22% 

20 % 

19% 

18% 

18% 

18% 

Portable 

76 % 

78% 

80 % 

81% 

82% 

82% 

82% 


Table S21 - Desktop/Portabie composition in PC Sales; 2001-2005 & 2015-2030. Extrapolated from Table S20 
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B 4 - L o wer-bound and U pp er - bound S cena rios: Wind. Autom o tive, HDD [ Gl o ba l I 


Wind Turbines 


Label 

Assumption 

Lower bound Baseline 


Upper bound 

© 

New Installed capacity 

2Q20: 26 GW 2020: 88 GW 

2030: 41 GW 2030: 148 GW 


2020: 120 GW 

2030: 185 GW 

© 

Share REPM 

2020: 15% 

2030: 20% 

2020: 22.5% 

2030: 30% 


2020: 25% 

2030: 35% 

© 

Collection Rate 

80% 

100% 


100% 

Table S22 

-- Key assumptions Wind 




Automotive 





Label 

Assumption 

Lower bound 

(P)HEVs.EVs 

Baseline 

(P)HEVs, EVs 

Upper bound 

(P)HEVs,EVs 

© 

Penetration rate in 

unit sales 

2020:3.75%, 

2020:15%,!% 

0.0025% 

2030: 39%, 3% 

2030: 9.75%, 0.75% 

2020: 24%. 2% 

2030: 52%, 8% 

© 

kg REPM in motor 

2020:0.5.0.75 

2030:0.5.0.75 

2020: 1 .02. 1.5 

2030: 1.02, 1.5 

2020: 1.02, 1.5 

2030: 1 .02. 1.5 

© 

Collection rate 

80% 

90% 


100% 

Table S23 

- Key assumptions Automotive 




HDDs in PCs 





Label 

Assumption 

Lower bound 

Baseline 

Upper bound 

© 

Unit sales 

2020: 510 

2030: 737 

2020: 626 

2030: 1053 

2020:716 

2030: 1254 

© 

Percentage of 

Desktop with HDD 

2020: 76% 

2030: 39% 

2020: 100% 

2030: 100% 

2020: 100% 

2030: 100% 

0 

Percentage of 

2020: 33% 

2020. 58% 

2020: 76% 

Portable with HDD 

2030: 1% 

2030: 14% 

2030: 39% 

© 

Collection rate 

40% 

50% 

85% 


Table S24 - Key Assumptions HDD 
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SECTION C - ADDITIONAL RESULTS 

c 1 Additi on al Outcomes I EU- 271 
Neodymium 


5 

4.5 
4 

3.5 



1,5 

1 

0,5 

0 


REO Demand: from Recycling Potential Neodymium 
*****^REO Demand; from Virgin Neodymium 

Potential Recycling Supply Ratio Neodymium 
Figure S5 - Potential recycling supply neodymium [EU-27] 



25% 


20% 


15% 


10 % 



'^Recycling Potential Wind ® Recycling Potential Automotive Recycling Potential HDD 

Figure S6 -■ Summary of potential recycling supply neodymium by source [Wind, Automotive & PCs] [EU-27] 
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Dysprosium 


REO Demand: from Recycling Potential Dysprosium 
REO Demand: from Virgin Dysprosium 
Potential Recycling Supply Ratio Dysprosium 


Figure S7- Potential recycling supply dysprosium [EU-27] 


^Recycling Potential Wind 


* Recycling Potential Automotive 


Figure S8 - Summary of potential recycling supply dysprosium by source [Wind & Automotive] [EU'27] 
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o 

Pi 





8 % 


5% 

4% 

3% 

2% 

!% 

0 % 


*^®^REO Demand: from recycling 
potential dysprosium (Global) 

REo Demand: from virgin 
dysprosium (Global) 
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Figure S9 - Potential recycling supply dysprosium [Global & EU-27, NdFeB magnets only] 
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Figure S13 - Potential recycling supply neodymium from Wind Turbines [Lower bound, Baseline & Upper 
bound] [Global] 
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Figure S14 - Potential recycling supply neodymium from Automotive [Lower bound. Baseline and Upper 
bound] [Global] 
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Figure S15 - Potential recycling supply neodymium from HDDs in PCs [Lower bound, Baseline and Upper 
bound] [Global] 
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Figure S16 - Potential recycling supply dysprosium from Wind Turbines [Lower bound, Baseline and Upper 
bound] [Global] 
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Figure S17 - Potential recycling supply dysprosium from Automotive [Lower bound, Baseline and Upper 
bound] [Global] 
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Figure S18 - Potential recycling supply neodymium [Lower bound. Baseline and Upper bound] [Global] 
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The focus of this study for the Greens/EFA Group in the European Parliament lies on the 
development of a European strategy for a sustainable rare earth economy. It particularly 
addresses the recycling, the substitution and the efficient use of rare earths and develops a 
strategy towards a green rare earth economy. 

The rare earth elements under analysis in this study by Oko-lnstitut include the 17 elements 
yttrium (Y), lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium 
(Pm), samarium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), 
holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu) and scandium (Sc) and 
the role they play in the case of green technologies. 

The chapters 1 to 9 provide a comprehensive overview of methodological approaches to 
assess the criticality as well as global aspects such as rare earth mining, processing, trade, 
environmental impacts, applications, current and future demand and the expected demand- 
supply balance. Each chapter culminates in a conclusion, by means of which the reader can 
gain a quick overview of its contents. These data are not summarised in the executive 
summary. Instead, the executive summary focuses on the main target of the study, the 
development of a European strategy for a sustainable rare earth economy. 


Background 

During recent years technological innovations resulted in manifold applications using rare 
earths which lead to a steep increase in their demand. A relevant share of the increasing 
demand is caused by so-called “green technologies” which are designed to contribute to 
environmental protection in terms of reduction of the energy consumption, the further 
development of renewable energy carriers or air pollution control. There is serious concern 
that the demand of some individual rare earth elements such as neodymium, praseodymium, 
dysprosium, terbium, lanthanum, yttrium and europium might exceed the present supply 
within a few years. Even if China imposes no export restrictions it is to be expected that the 
increasing demand up to 2014 can only be met if further mines in addition to the two planned 
mines in Australia and USA are opened. The two mines in Australia and the USA have 
already obtained approval from the national authorities and started construction works so 
that large scale operation can commence around 2012. 

The high demand and the expected supply shortages, additionally triggered by Chinese 
export restrictions, lead to a significant increase in rare earth prices. This steep increase is 
not only a burden for manufacturers and consumers. It offers the chance to address the 
problem of today’s rare earth supply in more depth and to build up a sustainable rare earth 
economy in all relevant sectors. The low prices in the past lead to a significant waste of 
resources. Until now, there has been almost no recycling of rare earths. The new prices 
might be a starting point to building up recycling systems for rare earth compounds. Similarly, 
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science and industry are beginning to conduct research and development on options for a 
substitution of rare earth. 

The high public interest in this issue further revealed the high environmental burden in the 
surrounding of the Chinese mines and processing plants. If the EU demands rare earth 
compounds for their green technology, it is up to the EU to contribute to a “greener” rare 
earth supply. The contradiction between the “green” application of rare earth and their high 
environmental pressures in production calls for action to be taken particularly by Europe, 
America and Japan where - besides China - the majority of the rare earths are consumed. 
The action in the fields of recycling should be started now without further delay as it will take 
a minimum of five to ten years for the first large-size implementation to take place. The 
research for substitution options and efficiency should also be reinforced as soon as possible 
as it takes some years to move from successful research to industrial implementation. 


Analysis of the substitution of rare earths and their efficient use 
The examination of substitutions for scarce REE has shown that there is quite rarely a simple 
substitution of a REE compound by another compound. In most cases substitution requires a 
totally new product design. The identified options for substitution in the case of the major 
green applications are summarised below: 

■ Rare earths are currently used in around 14 % of newly installed wind turbines with a 
gear-less design and technical advantages in terms of reliability. A supply shortage of 
rare earths would lead to a shift to alternative turbine types. Further research on a higher 
reliability of traditional techniques with gears would support this substitution. 

■ Rare earths are used in permanent motors of hybrid electric vehicles and electric 
vehicles. Substitutions based on alternative electric motor designs are principally 
available. However, R&D is required for a higher performance of existing electric motor 
types and for the realisation of new motor concepts. 

■ Most new energy-efficient lighting systems contain rare earths (compact fluorescent 
lamp, LED, plasma display, LCD display). Substitutions are rare, particularly for compact 
fluorescent lamps, R&D is required for alternative phosphors with high efficiency and 
high light quality. 

■ Automotive catalysts contain cerium, and catalysts for petroleum cracking and other 
industrial processes contain lanthanum. Substitutions are rare, and R&D is urgently 
required for alternative catalysts. 

Concerning a higher efficiency of the rare earth use, R&D is urgently needed in all fields of 
application and is also needed on the supply side to enable higher efficiencies in mining, 
beneficiation and processing. One example for high losses in the production chain is the 
traditional magnet production in China. 



178 


.^ 4 ^ eX 

f (Crsn^ewondlft dMsjsIs 

Hr ttpfiSfsd Ecotegy 


111 


Study on Rare Earths and Their Recycling 


Nanotechnology is considered to be applied in some green applications in order to raise the 
efficiency by nano-sized rare earths. An attendant risk assessment is highly recommended. 


Analysis of the current recycling activities of rare earths 

Only a few industrial recycling activities are currently implemented for rare earths. Until now, 
there has been no large scale recycling of rare earths from magnets, batteries, lighting and 
catalysts. Principally, the recycling processes for the rare earths are quite complex and 
extensive if re-use is not possible and a physical and chemical treatment is necessary. Most 
of the recycling procedures are energy-intensive processes. The main post-consumer 
activities - the recycling of rare earths from electric motors and hard disks and other 
electronic components - will require intensive dismantling. 

Several constraints for a wider recycling of rare earths were identified: the need for an 
efficient collection system, the need for sufficiently high prices for primary and secondary 
rare earths compounds, losses of post-oonsumer goods by exports in developing countries 
and the long lifetime of produots such as electric motors in vehicles and wind turbines of 
10-20 years before they oould enter the recycling economy. 

Advantages of recycling 

The recycling of rare earths has several advantages in comparison to the use of primary 
resources: 

■ Europe is one of the giobaiiy iarge consumers of rare earths. Increasing amounts of 
waste from final products containing rare earths are arising in Europe. These valuable 
resources should be returned to the industrial metabolism by “urban mining”. 

• The dependency on foreign resources will be reduced by supplying the European 
market with secondary rare earth materials. 

■ Apart from a few specialised industries and applications, the know-how in rare earth 
processing is quite low in Europe. The building up of know-how in recycling will widen 
the competency of enterprises and scientific institutions in Europe concerning rare earth 
processing. 

• The processing of secondary rare earths will be free from radioactive impurities. The 
mining and further processing of primary rare earths is involved in most cases with 
nuclear radiation coming from radioactive elements of the natural deposits. 

• The recycling requires some energy carriers and chemicals. On the other hand it saves 
significant amounts of energy, chemicals and emissions in the primary processing chain. 
It is to be expected that most recycling processes will have a high net-benefit 
concerning air emissions, groundwater protection, acidification, eutrophication and 
climate protection. 
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Strategy for the development of a European rare earth recycling scheme 

Oko-lnstitut suggests that a recycling scheme as illustrated in Figure 1 should be developed. 
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Figure 1 Steps towards a European rare earth recycling scheme 


The main steps prior to large-scale implementation are described here in brief: 

■ A European Competence Network on Rare Earths with all relevant stakeholders 
such as recyclers, manufacturers, public authorities, politicians and researchers is seen 
as essential for a successful implementation. 

■ Basic research is necessary, as only a few companies in Europe are involved in rare 
earth refining and processing at the beginning of the added-value chain. 

■ A European material flow analysis (MFA) is necessary in order to identify in more 
detail the main material flows and waste streams and the main manufacturers and 
actors in the added-value chain. Currently, national research institutions have to rely on 
estimates from a few experts outside of Europe. 

• The next step is the identification of initial waste streams on the pre-consumer and 
post-consumer level, e.g. waste from the magnet and lighting production, magnets from 
used electric motors, used lamps and screens, re-use of large magnets and recycling of 
spent catalysts. 
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■ The treatment of many relevant wastes is already regulated by the Waste Electrical and 
Electronic Equipment Directive (hereafter WEEE), the EU End of Life Vehicles Directive 
(ELV) and the EU Battery Directive. Thus, the collection of rare earths containing 
wastes has to be integrated in existing collection schemes. 

■ The development of pilot plants is accompanied by large-scale R&D projects which 
aim to gain more insight into the complex chemical processes and the required 
sophisticated equipment. 

■ Recycling plants bear high financial risks due to the required high investment and the 
high uncertainty of the future price development of rare earths. Therefore, it should be 
analysed whether the European Investment Bank (EIB) could reduce financial risks for 
investments in rare earth recycling. 

■ A recycling scheme of rare earths not only requires adequate logistic and technical 
preconditions but also an appropriate legal framework. Hence, an important step will 
be the adaption of the legal EU framework in order to optimise post-consumer rare 
earth recycling. Potential relevant directives which should be verified in terms of 
modification for the support of a rare earth recycling scheme are the Ecodesign 
Directive, the WEEE Directive, the ELV Directive and the Battery Directive. 

Recommendations for international activities 

The development of a sustainable rare earth supply for Europe concerning environmental, 
social and security aspects requires a solid international co-operation. Important partners for 
the EU in facing this challenge are not only China but also Japan and the United States. 
Oko-lnstitut suggests three selected activities: 

■ Oko-lnstitut proposes an EU-China co-operation on sustainable mining which is 
designed as a large-size co-operation focusing on the sustainable mining of rare earths 
at one specific site with the target to optimise the efficiency, the environmental 
performance, the remediation of contaminated sites and the potential recovery of rare 
earths from old tailings. The EC would supply co-funding and expertise, and China 
would agree on an adequate rare earth supply. 

• Green technologies call for “green metals", and Europe should support a sustainable 
mining. Worldwide, there are manifold initiatives for sustainable mining. Among them 
are certification schemes addressing different problems such as environmental aspects, 
small-scale mining, safety issues and human rights. There is increasing interest in 
politics and industry on certified minerals, and today’s mining companies could be 
interested in certification schemes or similar co-operations with EU participation in order 
to highlight their environmental efforts. 

■ The high pressure on the opening of new mines outside of China by the steeply 
increasing demand raises the concern that new mines could be opened which do not 
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keep minimum environmental standards. One case could be the Kvanefjeld deposit in 
Greeniand where the residues from the ore concentration (tailings) shall be stored in a 
natural lake with connection to the sea. The EU and the European Environmental 
Agency (EEA), which has a general co-operation with Greenland, should appeal clearly 
to the Greenlandic authorities to act carefully and responsibly. 
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1 Introduction 

In the last seven years international discussions about mineral resources with a special focus 
on metals have gained a new dimension,’ Driven by the growth of the global economy and 
the enhanced pace of the emerging economies (China, India, Brazil, etc.), the global demand 
for many metals is increasing rapidly and the most forecasts predict further growth of metal 
consumption. Besides well-known mass metals like steel or aluminium, new challenges in the 
field of the so-called critical metals are under serious concerns. The EC defines the 
“criticality” of raw materials in its recent publication “Critical raw materials for the EU” (EC 
2010): “This means that raw material is labelled “critical” when the risks of supply shortage 
and their impacts on the economy are higher compared with most of the other raw materials.” 
It could be stated that in many cases the discussions about critical metals are linked with 
new innovations and technologies - very often in the field of green technologies like electric 
vehicles, wind power, PV and many others. Therefore in many relevant publications 
synonyms like “green minor metals”, “specialty metals”, “technology metals” and “rare 
metals” are used for the term “critical metals". As part of the activities of the EC’s “Raw 
Materials Initiative”, the Ad-hoc Working Group on defining critical raw materials ranked 14 
raw materials at EC level as the most critical metals (EC 2010). This group of 14 raw 
materials contains the whole group of rare earth elements (REE). 

The rare earth elements under analysis in this study by Oko-lnstitut for the Greens/EFA 
Group in the European Parliament include the 17 elements: yttrium (Y), lanthanum (La), 
cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium^ (Pm), samarium (Sm), 
europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), erbium (Er), 
thulium (Tm), ytterbium (Yb), lutetium (Lu) and scandium (Sc). 

The large group of the REE is sub-divided into the heavy rare earth elements (HREE) and 
the light rare earth elements (LREE). Unfortunately there is no worldwide accepted definition 
for which REE belongs to the HREE or the LREE group. Therefore, crosschecks of data from 
different sources which refers to facts and figures and so on about HREE and LREE have to 
be carried out very carefully to avoid failures and misinterpretations (this holds especially for 
the contribution of yttrium). For this study Oko-lnstitut uses the definition of the USGS (USGS 
2002), which defines yttrium (Y), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium 
(Ho), erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu) as HREE and lanthanum (La), 
cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium (Sm), europium (Eu), and 
scandium (Sc) as LREE. 


See, for instance, the special website developed by Oko-lnstitut: www. resourcefever.orq . 
Promethium does not occur in nature as no stable isotope exists. 
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Figure 2 Rare earth elements and their position in the periodic table 


Nevertheless, within the “Study on Rare Earth Metals and Recycling" Oko-lnstitut provides 
facts and figures, results and interpretations for the different REE as far as is possible. This 
approach recognises the fact that a handling of the criticality of the REE as a group of 17 
elements or as sub-groups (HREE and LREE) is not sufficient for the numerous challenges 
and tasks regarding green technologies, demand grovrth, possible supply scarcities and 
environmental issues of mining and recycling. 
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2 Methodologies for determination of criticality 

Against the background of rapid demand growths, increasing prices and possible supply 
restrictions of certain metals with high potential for future technologies having received 
increasing attention by media, scientists, enterprises and the politics, several classification 
systems to rank the numerous raw materials and metals have been developed in recent 
years. It should be mentioned that the purpose of these studies is not always the same und 
therefore a one-by-one comparison of the results could not be undertaken. In most cases a 
national or regional point of view is the driving force behind the classifications systems for 
criticality. For an overview the methodological approach of the report “Minerals, Critical 
Minerals and the U.S. Economy" (National Academies 2008) and the approach of the Ad-hoc 
Working Group on defining critical raw materials (EC 2010) are selected. Finally an approach 
of Oko-lnstitut for the UNEP will be briefly introduced. 

in 2008 the National Academy of Sciences released a comprehensive report with the title 
“Minerals, Critical Minerals and the US Economy” (National Academies 2008). The 
motivation for this study is reflected by the following excerpt of the study’s preface: “In the 
twenty-first century, the nature of the concerns over Earth resources has shifted once again. 
Energy and mineral commodity prices are relatively high for the first extended period since 
the 1970s, driven primarily by unexpectedly large demand growth in China, India, and other 
countries. At the same time, while the United States remains an important producer of 
energy and mineral resources, the extraction and production of these resources overall has 
shifted away from the United States toward other nations; U.S. import dependence for many 
commodities has increased and has raised concerns about reliability of the foreign supply.” 
The driving force for the US study was clearly the assessment that the US economy faces 
increasing dependence on raw materials imports. So, the whole study and including the 
released criticality matrix has to be considered in the context of this motivation. 

The US approach is based on two dimensions of criticality; importance in use and 
availability. The dimension of importance in use reflects the idea that some non-fuel raw 
materials are more important in use than others. The authors pointed out that the possibility 
of substitution is the key here. The second dimension, availability, includes several medium- 
to long-term considerations; geologic, technical, environmental, social, political and economic 
factors have to be taken into account. In addition, the consideration of the reliability or risk of 
supply in the short term is important. On this basis the authors have developed a two- 
dimension criticality matrix. The criticality matrix, as established in this report, allows 
evaluation of the criticality of a given mineral. A specific mineral or mineral product can be 
placed on this matrix after assessing the impact of a potential restriction on the mineral’s 
supply (importance in use: vertical axis) and the likelihood of a supply restriction (availability: 
horizontal axis). The degree of criticality increases as one moves from the lower-left to the 
upper-right corner of the matrix. The committee used a combination of quantitative measures 
and expert (qualitative) judgement in implementing the matrix methodology. The rare earths 
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were determined by this methodology (as one of five out of 11 minerals or mineral groups) to 
fall in or near the critical zone of the criticality matrix. 

The US approach was applied in a report on the critical materials strategy from the US 
Department of Energy in 2010 (DOE 2010), It focuses on nine individual rare earth elements 
and the metals gallium, tellurium, lithium, indium and cobalt and their importance to the clean 
energy economy. 

In July 2010 the EC published the report “Critical raw materials for the EU” which was worked 
out by the Ad-hoc Working Group on defining critical raw materials (EC 2010). The EC report 
provides a pragmatic approach based on various existing methods. In line with other studies, 
the report puts forward a relative concept of criticality. This means that raw material is 
labelled “critical" when the risks of supply shortage and their impacts on the economy are 
higher compared with most of the other raw materials. It considers three main aggregated 
indicators or dimensions, i.e. the economic importance of the considered raw material, its 
supply risk (for instance restrictive measures from resource-rich countries) and an 
environmental country risk assessing the potential for environmental measures that may 
restrain access to deposits or the supply of raw materials. These three aggregated indicators 
are calculated for each raw material. 

41 different raw materials were assessed by the Ad-hoc Working Group with this criticality 
approach based on the three main aggregated indicators/dimensions. In a first step the 41 
raw materials are positioned in a two-dimensional matrix comparable with the US approach 
(see above). The vertical axis reflects the positioning of the materials in relation to the supply 
risks that have been identified. The production of a material in few countries marked by 
political and economic instability, coupled to a low recycling rate and low substitutability, will 
result in a very high supply risk. The results show for the rare earths the highest rank among 
all 41 assessed raw materials. 

The horizontal axis reflects the positioning of the material in relation to its importance to the 
EU. For this dimension the rare earths are in the midfield. From this two-dimensional matrix a 
list of 14 different raw materials including the rare earths are assessed as critical, because 
they are of high economic importance and have a high supply risk. Finally the environmental 
country risk - the third indicator - was used to finish the determination of criticality. However, 
the overall result for the group of 14 was not altered by this indicator. It is important to note 
that the rare earths were ranked as the raw material with the highest environmental country 
risk among all assessed 41 raw materials. 



187 


4i4l tSco^nstilVteJt 

N ‘‘ 5 Study on Rare Earths and Their Recycling 


In 2009 Oko-lnstitut completed a study for UNEP entitled “Critical metals for future 
sustainable technologies and their recycling potential” (Oko-lnstitut 2009). For the 
classification of selected “green minor metals” with a potential for sustainable technologies 
an own classification system with the three main pillars “demand growth”, “supply risks” and 
“recycling restrictions” was developed. To enable extensive classification and differentiation 
of the different metals, the following sub-criteria are taken into account by Oko-lnstitut: 

■ Demand growth 

o Rapid demand growth: > 50% increase of total demand until 2020 
o Moderate demand growth > 20% increase of total demand until 2020 

• Supply risks 

o Regional concentration of mining (> 90% share of the global mining in the major 
three countries) 

o Physical scarcity (reserves compared to annual demand) 
o Temporary scarcity (time lag between production and demand) 
o Structural or technical scarcity (metal is just a minor product in a coupled 
production and inefficiencies occur often in the mining process, production and 
manufacturing) 

• Recycling restrictions 

o High scale of dissipative applications 
o Physical/chemical limitations for recycling 

o Lack of suitable recycling technologies and/or recycling infrastructures 
o Lack of price incentives for recycling 

in contrast to other ranking systems this classification system are not based on a national 
point of view, which means the results are universal and not specific to a single country or 
region. The availability of all REE could prove to be very critical following this approach for 
the period up to 2020 (for details see: Oko-lnstitut 2009). Within the REE group the 
availability of several elements could prove to be even more critical as the result of this report 
suggest. 

As a group the REE have already been ranked highest in terms of criticality by the EC in July 
2010 (EC 2010) and in previous assessments conducted by other organisations. This 
classification is justified without any doubt. For this study for the Greens/EFA Group in the 
European Parliament in late 2010 Oko-lnstitut has chosen an in-depth analysis approach for 
the individual REE, because the REE schematic rankings of the whole group of REE are not 
sufficient to produce detailed results as a basis for strategies. Based on the detailed results 
the proposed strategies for Europe regarding the REE are summarised in Chapter 12. 
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Conclusion on methodologies for determination of criticality 

In recent years, several classification systems were developed to rank numerous raw 
materials and metals in terms of their criticality. Examples of such ranking systems are the 
report “Minerals, Critical Minerals and the U.S. Economy” by the National Academies 2008, 
the approach of the European Ad-hoc Working Group on defining critical raw materials (EC 
2010), the approach of Oko-lnstitut for the UNEP and the recently published analysis of 
criticality of nine rare earth elements and five other metals by the US Department of Energy 
(DOE 2010). Due to their expected scarcity rare earths are taken into account in these 
reports. 

There is a consensus in aii approaches that some rare earth elements are critical or near- 
critical in terms of the supply risk and their importance for green technologies. Consequently, 
a more in-depth analysis which evaluates the criticality of the individual rare earth elements 
is necessary in order to produce detailed results as basis for political strategies^ 
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3 Reserves 

3.1 Global reserves 

USGS (2010a) estimates the global reserves of the sum of all rare earth oxides to be at 
99 000 000 t REO, This is quite high compared to the estimated world production of 
124 000 1 REO (USGS 2010a) in 2009. Hereby, the reserve is defined by the USGS as “the 
part of the reserve base which could be economically extracted or produced at the time of 
determination.” On the contrary, the reserve base not only comprises the resources that are 
currently economic (= reserves) but also marginally economic reserves, and some of those 
that are currently sub-economic. The reserve base was estimated to amount to 
150 000 000 t REO by USGS (2008). In 2009, reserve base estimates of the USGS were 
discontinued. 

It is to be expected that both the reserve base and the reserve will increase in the years 
ahead because the steep increases in REO prices lead to the exploration of new deposits. 
For example, the Chinese Ministry of Commerce announced in October 2010 that a new 
large rare earth deposit was found in Central China (MOFCOM 2010a), The rare earth 
resen/es by country based on USGS (2010a) are shown in the following figure. 



Figure 3 Globa! rare earth reserves by country estimated by USGS (2010a) 


Though the Chinese produce more than 95% of the global production, their share of the 
reserves is much lower at 38 %. Large deposits are also found in the USA, Australia and 
states of the former Soviet Union. 
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However, the figures on the total reserves which refer to the sum of all rare earth elements 
do not reflect the need for a detailed look on the supply of individual elements. As discussed 
later in the study, shortages will be expected for some REE and their specific reserves are of 
importance. 

The following chapters will provide some reserve estimations for the group of heavy rare 
earth elements as well as Chinese reserve estimations. Unfortunately, the USGS, Chinese, 
Australian and Canadian institutions have different definitions of reserves, reserve base and 
resources, which make it difficult or even impossible to compare the different national 
reserve and resource statistics. International attempts to harmonise the classification^ are not 
developed in so far that they already provide harmonised reserve data on rare earths. 

3.2 Reserves in China 

Ministry of Environmental Protection (MEP 2009) presents data from the Chinese Society of 
Rare Earths (CSRE 2002) which indicate that China has 52 million tons of proved industrial 
reserves. The data are presented in Table 3-1. 


T able 3-1 Distribution of REE reserves in tons RED (MEP 2009) 


Provinces and regions 

industrial reserves 

Measured reserves 

liiferred reseives 

Bayan Obo, Inner 
Mongolia 

43.5 million 

106 million 

>135 million 

Shandong 

4 million 

12.7 million 

>13 million 

Sichuan 

1 .5 million 

2.4 million 

>5 million 

Seven Southern 

Provinces 

1 .5 million 

8.4 million 

>50 million 

Others 

1 .5 million 

2.2 million 

>3.7 million 

Total 

52 million 

131 .7 million 

>206 million 


Additionally, geologists have discovered a large reserve of rare earths in central China’s 
Hubei Province at the foot of Mountain Laoyin in Shiyan City (MOFCOM 2010a). The amount 
of the newly-found deposit was not known at the time this study was written. Therefore it is 
not included in the above statistics. 

The Chinese statistics use their own classification for data on reserves which differs from the 
USGS classification. This might be the main reason of the difference to the USGS data, 
which estimate the (economical) Chinese reserve to amount to 36 Mio t REO, whereas the 
Chinese estimate their “industrial reserves” to amount to 52 Mio t REO. The table clearly 


E.g. the Committee for Mineral Reserves International Reporting Standards (CRIRSCO) and UN Framework 
Classification (UNFC) for Energy and Mineral Resources 
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shows that the major reserves are in Inner Mongolia at Bayan Obo, where the world largest 
rare earth mine is already in operation. 

The next figure shows the regional distribution of the Chinese reserves. 



Figure 4 Distribution of major rare earth resources in China 


The next table shows the average grades of the ores and the types of minerals from the 
different provinces. 
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Table 3-2 REE resources in China; types of minerals and ore grades (Lin 2009) 


Province 

Mineral 

Grades in 

REO 

Inner Mongolia, Baotou, Bayan 
Obo 

Bastnaesite and 

Monazite 

Light REE in Iron-Nb- 
LREE deposit 

6 

Seven provinces, Southern 

China 

Ion adsorption 
deposit 

Middle and heavy REE 

0.1-0.3 

Sichuan 

Bastnaesite 

Light REE with high 
grade 

6-8 

Shandong 

Bastnaesite 

La, Ce, Pr, Nd with high 
grade 

7-10 


The Chinese describe the distribution of rare earth resources in China simply as “North Light, 
South Heavy”. That means that light rare earth resources (La, Ce, Pr, Nd, Sm, Eu) are 
mainly found in the north of the country, while in the south middle or heavy rare earths (Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu, So, Y) are concentrated. The HREEs are extracted from ion 
adsorption deposits located in the seven provinces in the South of China (Jiangxi, 
Guangdong, Fujiang, Guangxi, Hunan, Yunnan and Zhejiang) (MEP 2009), The regional 
distribution of the HREE deposits is given in Table 3-3. 


Table 3-3 The distribution of ion adsorption deposits in the South of China (MEP 2009) 


^jftrdvintes 

Jiangxi 

Gttangdong 

Fujian 

Guangxi 

Hunan 

Y unnan and ZHejiang 

Total 

Ratio in % 

36 

33 

15 

10 

4 

2 

100 


An overview of the ore composition of the different rare earth containing minerals is given in 
Table 3-4. 
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Table 3-4 Components of China’s major rare earth minerals in REO 


Rare earth 
oxides 




Ion (idsorptiofi deposit:; 

Bastnausite 

Monazite 

Xenotime 

Longnan, Ganzhoii. 
Jiangxi Province 

Xiinwii, Ganzhoii. 
Jiangxi Province 

LREE 

La 203 

27.00 

23.35 

1.20 

2.10 

29.84 

C 6 O 2 

50.00 

45.69 

8.00 

1.00 

7.18 

PreOii 

5.00 

4.16 

0.60 

1.10 

7.41 

Nd 203 

15.00 

15.72 

3.50 

5.10 

30.18 

Sm203 

1.10 

3.05 

2.15 

3.20 

6.32 

EU 2 O 3 

0.20 

0.10 

< 0.20 

0.30 

0.51 

HREE 

GdjOa 

0.40 

2.03 

5.00 

2.69 

4.21 

Tb 407 

— 

0.10 

1.20 

1.13 

0.46 

Dy203 

— 

1.02 

9.10 

7.48 

1.77 

H 02 O 3 

— 

0.10 

2.60 

1.60 

0.27 

ErjOa 

1.00 

0.51 

5.60 

4.26 

0.88 

Tm203 


0.51 

1.30 

0.60 

0.27 

YbsOs 

— 

0.51 

6.00 

3.34 

0.62 

i-U 203 

— 

0.10 

1.80 

0.47 

0.13 

Y 2 O 3 

0.30 

3.05 

59.30 

62.90 

10.07 


The next figure illustrates the major element distribution for China's largest deposit, Bayan 
Obo in Inner Mongolia, which mainly consists of bastnaesite. Its element distribution is 
representative for many light rare earth deposits. 
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Figure 5 Rare earth composition of bastnaesite at Bayan Obo/Inner Mongolia {Wang 2009) 


The ore composition is dominated by light rare earths, mainly cerium, lanthanum and smaller 
amounts of neodymium and praseodymium. Heavy rare earths such as gadolinium only 
occur in very small shares. Concerning the heavy rare earths, the seven provinces in the 
South of China which mainly possess heavy rare earths hold 1.5 million tons of industrial 
reserves. These reserves are quite small compared to the overall reserves in China and only 
have a share of about 3 % of the total reserves (see Table 3-1). 

The next figure shows the major element distribution for two Chinese ion adsorption deposits 
in Jiangxi Province containing significant HREE: 


Rare earth c<mposition of ion adsorption deposits in 

Rare earth corrposition of ion adsorption deports in 

Longnan/Jiangxi Province 

Xunwu/Jiangxi Province 


Ho.Ef, Tm, Yb, 

Ho,Er, Tm, Lu ’ 

Tb, Dy 

Tb, Dy- 1 Yb 

Eu,Gd^ 1 — 

Eu, Gd- _Y 




Figure 6 


Rare earth composition of two ore deposits in the Jiangxi Province in southern China (Wang 
2009) 
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The two figures for the ion adsorption deposits in the Chinese Jiangxi Province show the 
large variety of HREE compositions. 

The only global production and reserve statistics for individual elements are available for 
yttrium. USGS (2010b) estimates that the Chinese reserves of yttrium amount to 220 000 t 
REO, which is equivalent to 41 % of the global reserves. The global mining of yttrium was 
around 8 900 t in 2008, with 8 800t originating from China (USGS 2010b). Thus, the 
calculated ratio between economical reserves and actual production is around 25. For the 
total Chinese reserves of all REE, the picture is completely different: There is an annual 
production of around 120 000 t in 2007/2008 versus an economical reserve of 36 Mio t 
(based on USGS definition). This makes a factor 300. This comparison convincingly shows 
that the overall reserves are not the crucial issue. Instead, the pressing issue is the scarcity 
of some individual rare earths. As shown later, yttrium is one of the elements for which 
potential supply shortages are forecasted, 

3.3 Reserves outside of China 
Global reserves of all rare earth elements 

Table 3-5 presents the reserve estimates of the USGS for the different countries. The main 
reserves outside of China occur in the United States, Australia, the states of the former 
Soviet Union and other states. Due to the lack of precise reserve estimations the sum of 
“other countries" is quite high at 22 Mio t. There are a number of countries where larger 
deposits are known. Among them are Canada, Greenland, South Africa and Malawi (BGS 
2010). More details on the deposits of the United States are presented in USGS (201 Of). 

Table 3-5 Rare earth reserves by countries according to USGS (2010a) 


C.".. 

36 

MiotREO 

United States 

13 

Miot REO 

Australia 

5.4 

Mio t REO 

CIS (former Soviet Union) 

19 

Miot REO 

India 

3.1 

Mio t REO 

Brazil 

0.65 

Mio t REO 

Malaysia 

0.38 

Mio t REO 

Other countries: 

22 

Mio t REO 

Canada, Greenland, South Africa, 
Malawi, Vietnam et al. 



Total outside of China 

64 


World total , 

99 

Mio t REO 
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Reserves in the European Union 

There is only limited information on European rare earth deposits. The major findings are 
listed below: 

■ The British Geological Survey (BGS 2010) states that there has been no systematic, 
comprehensive evaluation of REE resources in Britain. Though small occurrences are 
known, they have no demonstrated economic potential, 

■ Oakdene Hollins (2010) cites news published on the website Metal Pages (2009) that 
there are possible exploration activities in Ireland. 

■ The German Federal Institute for Geosciences and Natural Resources (BGR 2009) 
records a potential rare earth output of a maximum of 1 400 1 per year as by-product of 
iron mining in the north of Sweden. 

■ The BGR (2009) reports on a German deposit in Saxony with probable resources of 
about 40 000 1 REO with an average grade of 0.5 %. 

■ Orris & Grauch (2002) cited in BGR (2009) mention reserves in Norway and Turkey. 


Reserves of yttrium 

Globally, there are no reserve estimations for individual REE except for yttrium. The 
estimations for yttrium are presented in Tabie 3-6. 


Table 3-6 Yttrium reserves by countries according to USGS (2010b) 


China 


tREO ^ 

United States 

120 000 

tREO 

Australia 

100 000 

tREO 

India 

72 000 

tREO 

Malaysia 

13 000 

tREO 

Brazil 

2 200 

tREO 

Sri Lanka 

240 

tREO 

Other countries 

17 000 

tREO 

Total outside of China T 

320 000 

.tRECyg\: 

World total 

440 000 


Reserves of liaht and heavy rare earths 


Principally, all deposits contain much more LREE than HREE. The chemical composition of 
the most important deposits is already described in literature, e.g. in USGS (2010a) with a 
detailed share of the individual elements or in aggregated manner in Oakdene Hollins (2010), 
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and will not be repeated here in detail. However, representative examples for ore 
compositions were given in Chapter 3.2 for some Chinese ores. 

Most of the deposits have a content of yttrium and other HREE of only a few percentages 
(see Table 3-4). The next figure gives an overview of the reserves of selected deposits 
outside of China which are compliant to the Australian JORC code or to the Canadian 
standard. The JORC code implies for the related deposits that appropriate assessments and 
studies have been carried out, including the consideration of mining, metallurgical, economic, 
marketing, legal, environmental, social and governmental factors. In order to be compliant 
with the JORC code, the assessments must demonstrate that an extraction could reasonably 
be justified. The data are published by the Australian mining company Alkane (2010b). 



KvaneTjeia Mountain Tnor LaKe Mt vVeia Noians Bore Dong Pao Duddo Bear Loage Hoiaas LaKe 
^Greenland) Pass (USA) (Canada) (Australia) (Australia) (Vietnam) Zirconia (USA) (Canada) 


(Australia) 


Figure 7 Reserve estimations of selected deposits which are compliant with the JORC code according to 

Alkane (2010b) 


The major shares of the selected reserves of HREE are located at three sites according to 
Alkane (2010b): Kvanefjeld/Greenland, Thor Lake/Canada und Dubbo-Zirconia/Australia. 
The sum of these selected reserves is around 9.3 Mio t LREO and 800 000 t HREO (Alkane 
2010b), Thus, the selected LREE reserves exceed the HREE reserves approximately by the 
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factor twelve. The major element comprising around two thirds to the HREE-fraction is 
yttrium. The other HREE arise in much lower concentrations'*. 

Further information on deposits where advanced exploration activities such as feasibility 
studies, laboratory tests or even construction works are already taking place is given in 
Chapter 4.3. 


The Kvanefjield deposits contribute 7.7 % Y, 0.2 % Tb, 1.1 % Dy, 0.2 % Ho. 0.6 % Er, 0.1 % Tm and 0,5 % Yb 
according to GMEL (2010b), The Dubbo project and the Canadian Thor Lake project would produce an HREE 
with a share of Y amounting to around 2/3 (Alkane 2010a, Scott Wilson 2010), 
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Conclusion on reserves 

It The US Geological Survey (USGS) estimates the global reserves of the sum of all rare i 

earth oxides to amount to 99 000 000 t REO. This is quite high compared to the n 

estimated world production of 124 000 1 REO in 2009. Hereby, the reserve is defined by » 

the USGS as “the part of the reserve base which could be economically extracted or i 

produced at the time of determination,” Unfortunately, there are different definitions of 

“reserves" “reserve base" and “resources" globally which makes the comparison of 

different data sources difficult Due to a lack of harmonised data this study refers to data 

from different classification schemes such as USGS estimations of global reserves. 

estimations on heavy rare earth elements (HREE) according to the Australian JORC 

code and data on Chinese reserves according to Chinese definitions. 

The overall global reserves are spread with larger reserves in the United States, the 

states from the former Soviet Union, China, Australia, India, Canada, Greenland, South 

Africa, Malawi and other countries. However, the analysis showed that the total sum of , 

I reserves is not relevant for the forecast of shortages of Individual REE. Hence, an J 

I individual analysis for selected rare earth elements Is necessary. | 

I Principally, all deposits contain more light rare earth elements (LREE) than heavy rare | 

I earth elements (HREE). Mostly only a few percentages of the rare earths are HREE. | 

f ... I 

I Among them are the potentially critical elements dysprosium (Dy), terbium (Tb) and j 

I yttrium (Y). According to the chosen definition for this study the LREE comprise: eight | 

' REE, among them are the widely used lanthanum (La), cerium (Ce), praseodymium (Pr), | 

neodymium (Nd) and europium (Eu). 

Presently, no data on overall reserves of HREE are available. An estimation from the 
Australian Mining, company ALKANE for nine potential mines outside of China (one 
deposit in Greenland and Vietnam, two deposits in the USA and Canada, three deposits 
in Australia) calculates economically available reserves of HREE of about 800 000 t and 
reserves of LREE of about 9.3 Mt. Furthermore, quite large reserves of HREE and 
reserves of LREE are located in China. Concerning European rare earth deposits, there 
is only limited information on a few potential sites, and no extensive explorations are 
known. 
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4 Mining data 

4.1 Worid production 

The world production of rare earths in 2008 and 2009 according to USGS (2010a) is shown 
in Table 4-1®. 


Table 4-1 World production of rare earths 2008 and 2009 (USGS 2010a) 


Country 

tREO 

per year 

: Share 

China 

120 000 

97.0% 

Brazil 


0.5% 

India 

IIQIQIII 


Malaysia 

380 

0.3% 

Other countries 

n.d. 


Total 

124 000 

100% 


The table illustrates clearly the dominance of the Chinese production. The development of 
the rare earth production is shown in Figure 8. 


The table does not include the illegal production In Chinese mines, Kingsnorth (2010) estimates 10-20 000 t 
REO from illegal or uncontrolled mining. 
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Years 


Figure S Globa! production of rare earth oxides [in thousand t] (Angerer et al 2009) 

The figure points out the steady increase in the rare earth production and the contihUous 
increase of the Chinese market share, particuiariy since 2002, when the American mine was 
closed due to environmental problems and low competitiveness because of low Chinese 
prices. 

4.2 Mining in China 

The following table shows the production of rare earth concentrates in China. The rare earth 
concentrates are the output from the concentration plants which are located next to the mine 
in order to produce a concentrate from the mined low-grade ore. The next step is the 
transport of the concentrates to the further processing and refining plants where different rare 
earth compounds are produced. The statistics on the output of these processing plants are 
given in Chapter 5.1. 

Data sources are the Journal of rare earth information, the Chinese Society of Rare Earths 
and the National Development and Reform Commission (MEP 2009)®. 


® When verifying the data, it was found that the total value is not equivalent to the single values in sum. The 
differences range between -100 and +400 tonnes. Nevertheless, it was decided that the original data would 
still be used since it was not clear whether the deviation occurred due to a typing error, is just a rough 
estimate or whether there are differences because other types of minerals like xenotime were cut off. 
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Table 4-2 Chinese production of rare earth concentrates from the different types of minerals from 2000 to 

2007 intREO 


Year 

Bastnaesite-Monazite-mixed 

type 

Bastnaesite 

Ion Adsorption 
deposits 

TolHl 

2000 

40 600 

12 500 

19 500 

73 000 

2001 

46 600 

9 400 

24 700 

80 600 

2002 

55 400 

13 000 

20 000 

88 400 

2003 

54 000 

15 000 

23 000 

92 000 

2004 

46 600 

21 701 

30 000 

98 310 

2005 

49 000 

25 709 

44 000 

118 709 

2006 

50 377 

37 000 

45 129 

132 506 

2007 

69 000 

6 800 

45 000 

120 800 


The total production in 2008 and 2009 remained constant at around 120 000 t REO (USGS 
2010a). In addition to the Chinese legal production as presented in Table 4-2, Kingsnorth 
(2010) estimates 10 - 20 000 t REO from illegal or uncontrolled mining, and the China 
Securities Journal (2010) reports illegal exports of about 20 000 1 REO in 2009. 

The increase of the production figures of ion adsorption deposits from 19 500 t in 2000 to 
45 000 t in 2007 is very remarkable. It reflects the increasing demand of the HREE. On the 
other hand this sharp growth enhances the pressure on the very limited reserves of ion 
adsorption deposits. 

In May 2010, the notice on the consultative draft of “Entry Criterions for Rare Earth Industry” 
(MilT 2010) was published by the Ministry of Industry and Information Technology of China. 
The aim is to improve the current situation of the rare earth industry in terms of lower 
environmental impacts, higher efficiencies and optimised management practices as well as 
closing regulation gaps. According to the 2009-2015 Plans for Developing the Rare Earth 
Industry from the Ministry of Industry and Information Technology (MIIT2009), China will not 
be issuing any new mining licenses of rare earths for the years from 2009 to 2015. 

The mining technologies, their ecological impact and future policy issues are described in 
more detail in Chapter 7.3. 

4.3 Mining activities outside of China 

Currently, only a few amounts of rare earths come from other countries than China as 
presented in Table 4-1 (2 700 t from India, 650 t from Brazil and 380 t from Malaysia). 
Additionally, DOE (2010) indicates a Russian production of 2 470 t REO in 2009. Due to the 
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high demand for rare earth and the decreasing Chinese export, there are many activities 
aimed at the opening of new mines outside of China. 

The most advanced mining projects are re-opening of the Mountain Pass mine in Caiifornia 
by Moiycorp Minerais and the new rare earth mine at Mt Weid in Austraiia by Lynas with 
processing in Maiaysia. Their operation is scheduied to begin in 2012 and 2011, respectively. 
When operating at full capacity they will each produce around 20 000 1 REO light rare earths. 
Their technologies and environmental aspects are described in Chapter 7.4. 

The next table gives an overview of further mining projects which are in an earlier stage. The 
table provides information on the potential annual production, the content of HREE and the 
stage of preparation. However, it is not certain whether these mining projects will be realised. 
There are many obstacles to overcome, such as technological challenges, environmental 
problems, funding of the capital intensive facilities and the approval procedures. If the 
environmental equipment is not appropriate, there are high environmental risks which are 
outlined in Chapter 7. The main technological challenges arise in the further processing of 
the rare earth ores and their separation. There is a marginal know-how in the countries 
outside of China, and the chemistry of rare earths is quite complex. Compared to the difficult 
processing, the mining and the first concentration step is quite similar to the mining of other 
metals and easier to handle. 
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Table 4-3 Selected current pre-mining activities outside of China (compiled by Oko-lnstitut/ 



Deposit 


HREE 

Content 

f/oTREO) 


i 


Mt Weld 


3% 


Nolans 


4% 


Dubbo 


60% 




Nechalacho / 

Thor Lake 

3.000-10 000 

20% 

Prcfeasibrlity study 

Hoidas Lake 

1 000-5 100 

4% 

Metallurgical test finished 

Benjamin River 


30% 

Drilling 

Douglas River 


99% 

Drilling 


1 Greenland 

Kvanefjeld 

10 000 40 000 

14% 

Prefea&ibility Study 

1 

India 

_l 

Manavalakurichi, 
Chavara etal. 

000 




1 Kazakhstan 






1 ‘ 

Kutessayll 


50% 

m: . 



Kangankunde 





Mongolia 

several 

1 




Steenkampskraal 

■ 5.000 

8% 







J 

Mountain Pass 

1C 000 20 000 

1% 

Re-Opening 

Bear Lodge 


2% 

Scoping Study 

Bokan-Dotson Ridge 

k'-" -.-I 

17% 

Drilling 

Deep Sands 

r& 

15% 

Analysing dnil results 

Elk Creek 

V. -.*4 


exploratory stage 

Pea Ridge Iron Ore 



Re-opening of iron mining 





^ The data are compiled from manifold data sources (GVWIG 2010a. GWMG 2010, RES 2010, Lynas 2010b, 
Oakdene Hollins 2010, Byron Capita! Markets 2010, BGR 2010, GMEL 2010a, GMEL 2010b, USGS 2009b, 
Goidinvest 2010, Molycorp 2010, Ucore 2010, Thorium 2010, Wings 2010b, Bojanowski 2010 and home 
pages of the involved mining companies). 
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Additionally, BGS (2010) reports about some further projects which are in an early 
exploration state in Canada, USA, Namibia, Australia and Malawi. The German company 
Tantalus Rare Earths AG started the geological sampling at a potential deposit in 
Madagascar (Tantalus 2010). Japanese companies are involved in the development of rare 
earth mining in Kazakhstan, Vietnam and India (BGS 2010, BBC 2010, Reuters 2010, DOE 
2010 ). 

The time span needed in order to start the operation of a mining including the concentration 
of the ore depends on many site-specific factors. Based on the examples of the moderni- 
zation at the Mountain Pass and the new implementations of Mt Weld, the following time 
ranges can be estimated which are required for the implementation of new mining projects. 
However the time schedules for specific mines may vary significantly because every mining 
has its specific challenges (environmental issues, type of mineral, type of mining, ore grade, 
financial equipment, social context, etc,): 


■ Feasibility studies, metallurgical tests, pilot plan: 

• Installation of the mining equipment: 

• Installation of the concentration plant to enrich 
the low-grade ore from the mine: 

• Installation of rare earth processing plants 
from concentrated ore: 


around four years 
around one year 

around two years 

around four years 


The approval procedure also requires several years and usually runs parallel to the project 
development and implementation. The operation of the Mountain Pass requires more than 20 
permissions concerning environmental issues, building, work safety and others (Molycorp 
2010b). Oakdene Hollins (2010) estimates a minimum time of 6 - 10 years before a mine 
starts operation. USGS (2010f) gives an overview of the time needed for the approval 
procedure and the construction work since the discovery of the deposit. The time spans vary 
significantly from 5 to 50 years. 

Another aspect concerning the opening of new mines and rare earth processing plants is the 
high investment. Oakdene Hollins (2010) cites a document from an OECD workshop in 2009 
with the estimate that typically capacity costs are more than 30 000 US$ per ton of capacity 
for separated REE. The figures are in the same range as data on investment compiled by 
Lifton (2010a) on mining and processing companies and their need of financial investment 
for the development of the rare earth production including processing: Molycorp (Mountain 
Pass, USA) more than US$ 500 million, Avalon Rare metals (Thor Lake, Canada): C$ 900 
million for the Northwest Territories project, Lynas (Mt Weld, Australia): US$ 500 million, 
Arafura Resources (Nolans, Australia) more than US$ 500 million. The major investment 
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costs in this context arise from the processing. USGS (201 Of) also confirms the need of large 
sources and capitals and outlines that already the pre-mining activities (exploration, 
metallurgical process development, approval procedure) cause high expenses. 

The specific production costs per unit of processed rare earth also show just a small 
contribution from the mining: Lynas (2010a) estimates the contribution of the overall cash 
costs for process rare earth oxides (finished REO) as follows: Mining 4 %; concentration of 
the ore 21 %, shipping from Australia to Malaysia (9 %) and refining and processing 66 %. 


Conclusion on mining 

The world production of rare earths was around 124 000 1 REO per year in 2008 and 2009 
according to data from the US Geological Survey (USGS). This is quite low compared with 
the annual primary production of other metals, e.g. 39 Mt aluminium or 22 Mt copper. 
More than 97 % of the production and a large share of the further processing are located 
in China. Small amounts are produced in Malaysia, Brazil, India and Russia. Additionally, 
around 20 000 1 REO were illegally produced in China and are not included in the above 
given USGS data. 

I Due to the high demand for rare earths and the decreasing Chinese exports, there are 
I many activities aimed at the opening of new mines outside of China. The most advanced 
I mining projects are the re-opening of the Mountain Pass mine in California by Molycorp 

j Minerals and the new rare earth mine atMt Weld in Australia by Lynas with processing in 

E Malaysia. Their operation is scheduled to begin in 2012 and 2011, respectively. 
i Additionally, there are numerous further mining projects which are in an earlier stage in 
Australia, Canada, USA, India, Kazakhstan, Kirghizia, Malawi, South Africa, Vietnam and 
Madagascar. However, it is not certain whether these mining projects will be realised. 
There are many obstacles to overcome, such as technological problems, environmental 
problems, funding of the capital intensive facilities and the approval procedures. The time 
span needed in order to start the operation of a mining including the concentration of the 
ore depends on many site-specific factors and is estimated to take a minimum of six to ten 
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5 Global rare earth processing 
5.1 Rare earth processing in China 

In terms of separation and smelting technologies, China owns internationally advanced rare 
earth technology. Since 1972, China has been conducting investigations on separation and 
smelting technologies of rare earth. It is the only country in the world that can provide rare 
earth products of all grades and specifications, stated Lin Donglu, Secretary General of the 
Chinese Society of Rare Earths in an interview by Xinhua News Agency's finance magazine 
(Beijng Review 2010). By now, there are about 24 domestic enterprises for rare earth mining 
and 100 rare earth enterprises (11 among them are joint ventures) for separating and 
smelting as well as refining production in China according to The Explanation of Compiling 
Emission Standards of Pollutants from Rare Earths Industry. Three major extraction areas 
are located in Inner Mongolia, Sichuan and seven provinces in the South of China, mainly in 
Jiangxi. Their technologies are described in Chapter 7.3.2. 

China not only produces the rare earth containing intermediate products such as metals, 
alloys or carbonates but also manufactures most of the final products, e.g. phosphors, LEDs, 
catalysts, Ni-MH batteries, magnets. China's government encourages its enterprises to 
extend the manufacturing of these products with a higher value using high-technology at the 
end of the process chain in order to supply the growing Chinese market as well as for export. 

5.1.1 Production statistics 

Figure 9 gives an overview of the rare earth oxide production in China in 2006 and the 
contribution of specific elements. The detailed figures are presented in Table 5-2. 
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Figure 9 Share of individual rare earth oxides at the Chinese production in 2006 (MEP 2009) 


The following tables show the production of rare earth chloride, carbonate and selected 
oxides, metals and polishing powder in China, respectively. Data sources are the Journal of 
rare earth information, the Chinese Society of Rare Earths, and the National Development 
and Reform Commission (cited in the Explanation of Compiling of Entry Criterions for Rare 
Earth Industry from 2009 (MEP 2009)). 
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Table 5-1 Production of rare earth carbonate and chloride from 1987 to 2006 in t REO (MEP 2009) 


Year 

Rare earth carbonate 

Rare earth chloride 

1987 

— 

3 870 

1988 

221 

4 054 

1989 

362 

6 088 

1990 

237 

4 490 

1991 

— 

5 341 

1992 

256 

7 280 

1993 

2 100 

9 560 

1994 

2 849 

11 656 

1995 

6 461 

15 191 

1996 

6 260 

15 711 

1997 

9 897 

11 971 

1998 

13 338 

12 071 

1999 

15 005 

13 579 

2000 

16 673 

15 089 

2001 

18 339 

16 296 

2002 

20 007 

18 107 

2003 y! 

— 

— 

2004 

3 800 

9 800 

2005 . ' 

5 548 

4 626 

2006 

4 846 

4 846 
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Table 5-2 P.roductloii of major rare earth oxides from 1986 to 2006 in t REO (.MEP2009)® 


Year 

LazO, 

Ce02 

PrsOn 





Tb 407 

Dy203 

Er 203 

YzOs 

Sum 

1985 

66 

160 

- 

44 

12 

3 

30 

- 

- 

- 

100 

415 

1987 

126 

142 

25 

122 

40 

4 

18 

2 

3 

- 

214 

696 

1988 

227 

169 

32 

204 

50 

6 

21 

2 

5 

- 

339 

1 055 

1989 

272 

201 

68 

331 

75 

11 

34 

3 

25 

4 

506 

1 530 

1990 

274 

277 

106 

505 

105 

14 

37 

5 

51 

2 

468 

1 844 

1991 

564 

406 

150 

905 

111 

12 

39 

9 

83 

12 

471 

2 762 

1992 

474 

464 

111 

834 

99 

12 

50 

11 

67 

24 

498 

2 644 

1993 

210 

703 

74 

907 

73 

17 

24 

10 

75 

27 

476 

2 596 

1994 

655 

1 352 

157 

1 355 

136 

32 

48 

12 

124 

44 

854 

4 769 

1995 

1 342 

2 680 

580 

2 036 

208 

30 

83 

17 

212 

43 

1 274 

8 505 

1996 

1 548 

3 503 

400 

3 090 

252 

40 

102 

29 

255 

28 

2 033 

11 280 




570 

5 256 

165 

41 

120 

28 

262 

32 

2 211 

14 544 

1998 

2 888 

4 950 

762 

6 200 

248 

125 

90 







3 249 

5 568 

859 

6 950 

275 

140 

101 

72 

328 

110 

3 009 

20 661 

n 





322 

162 

117 

83 






5 367 

7177 

1104 

8 800 

359 

181 

131 

m 








1 143 




135 

96 

438 

147 

4 013 

28 788 

2004 

8 400 

9 630 

350 

2 200 

922 

208 

170 

69 

120 

180 

5 200 

27 449 

2005 

18 750 

15 580 

2 470 

2 096 

739 

342 

683 

388 

128 

967 

5 591 

47 734 

2006 

19 730 

22 579 

2 297 

11 343 

1 586 

368 

4 625 

607 

2311 

954 

9 027 

75 427 


When verifying the data, it was found that the total value Is not equivalent to the single values in sum. It has a 
maximal difference of 106 t Nevertheless, it was decided that the original data would still be used since it was 
not clear whether the deviation occurred due to a typing error or just a rough estimate or whether there are 
differences because other types of rare earth oxides were cut off. 
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Table 5-3 Production of polishing powder and metal alloys' from 1987 to 2006 in t REO (MEP 2009) 


Year 

Polishing powder 

Rare earth metal alloys 

1987 

160 

n.d. 

1988 

100 

n.d. 

1989 

83 

n.d. 

1990 

232 

1 154 

1991 

334 

1 149 

1992 

312 

2 267 

1993 

418 

4 059 

1994 

568 

3 139 

1995 

665 

4 112 

1996 

632 

2 860 

1997 

600 

3 307 

1998 

530 

4 501 

1999 

1 800 

5 063 

2000 

2 400 

5 626 

2001 

3 200 

6 389 

2002 

3 500 

6 751 


4 900 

13 200 

2005 

6 092 

7 213 

2006 " 

n.d. 

9 166 
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Table 5-4 Production of major single rare earth metals from 1987 to 2006 in t REO (MEP 2009) 


Year 

La 

Ce 

Pr 

Nd 

Sm 

Y 

Dy 

Total 

1987 

22 


~ 

29 

6 

__ 

— 

57 

1988 

36 

13 

— 

37 

9 

5 

— 

100 

1989 

2 

9 

■— 

108 

5 

2 

— 

127 

1990 

51 

13 


171 

2 

3 

— 

240 

1991 

6 

2 

— 

145 

1 

2 

6 

161 

1992 

106 

28 

— 

401 

4 

24 

18 

580 

1993 

11 

12 

— 

469 

6 

4 

4 

506 

1994 

14 

— 

— 

195 

10 

5 

13 

237 

1995 

59 

— 


393 

21 

1 

19 

494 

1996 

170 

— 

— 

368 

6 

— 

24 

568 

1997 

185 

— 

— 

1 200 

7 

— 

37 

1 429 

1998 

220 

— 

137 

1 600 

20 

— 

127 

2 104 

1999 

248 

— 

154 

1 800 

23 

_ 

143 



275 

— 


2 000 

25 

— 

159 


■EEB 


— 


2 200 


— 

175 

2 894 

2002 

330 

— 


3 000 

30 


191 

3 757 

2004 

380 


— 

3 900 

350 

— 

780 

5410 

2005 


— 

— 


mm 

— 

62 

8410 

2006 

IBEEQH 

— 

— 



— 

1 280 

10 835 


5.1.2 The Chinese policy concerning the rare earth processing industry 

To protect rare earth resources and develop in a sustainable way, China started a 
comprehensive series of regulations and standards. New policy statutes were made and 
promulgated including a mid- and long-term Development Plan for the Rare-Earth Industry 
and Rare-Earth Industrial Development Policy. The major plans and regulations concerning 
the management and capacities are described below. The environmental aspects are 
presented separately in Chapter 7.3.7. 

5.1. 2.1 Entry criteria for rare earth industry 

In May 2010, the Ministry of Industry and Information Technology of China issued the notice 
on the consultative draft of “Entry Criterions for Rare Earth Industry” (MIIT 2010). This 
regulation clearly stipulates the minimum limitation of production scales, operation and 
technological equipment, the minimum capital ratio of fixed assets, as well as thresholds and 
requirements in terms of environment protection to assist the rare earth industry in 
sustainable development. One effect of this regulation is a concentration of the rare earth 
industry which forces small companies to merge with other enterprises. 
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Concerning production scales at the separation and processing level, the production capacity 
of separation and refinement of mixed types of ores should not be less than 8 000 t REO per 
year. The production capacity of separating and refining of bastnaesite should not be less 
than 5 000 1 REO annually. 

As regards production scales at the metal refining level, the production capacity of 
enterprises should not be less than 1 500 t per year. Furthermore, the capital ratio of fixed 
assets investment should account for at least 40 % of total investment. 

The environmental standards determined in the regulation are presented in Chapter 7.3.7. 

5. 1.2.2 The 2009-2015 plans for developing the rare earth industry 

This development plan is a mandatory planning compiled by the Ministry of Industry and 
Information Technology of China. According to the 2009-2015 Plans for Developing the Rare 
Earth Industry, rare earth industry in China will divide into three large districts: South, North 
and West (MIIT 2009). As for light REE mining, the focus is located in Inner Mongolia 
(Northern district) and Sichuan (Southwest district), with some development in Shandong as 
far as needed. The heavy REE mining is concentrated in the southern districts such as 
Jiangxi, Guangdong, Fujian and Hunan (China Net 2010). The aim of the Plan is to simplify 
management of China's rare earth resources by “desighatihg large districts”. Because of the 
scattered distribution of rare earth resources, it is difficult to carry out an efficient oversight of 
the ihdustry (Hurst 2010), 

According to the mandatory planning, from 2009 to 2015, the whole productioh of refined 
rare earth metals should range between 13 000 and 15 000 tons annually. The production 
capacity of separating and smelting enterprises should be between 12 000 and 15 000 tons. 
Moreover, China is undergoing consolidation - mergers and acquisitions by large companies 
and closing of small plants. For the years from 2009 to 2015, China will not be issuing any 
new mining licenses of rare earths. During this period, the existing rare earth enterprises 
should put emphasis on improving the level of technical equipment, environmental protection 
and management capability. Meanwhile, mergers and acquisitions (M&As) in rare earth 
industry are promoted. Furthermore, a plan has clearly been specified to close down a 
number of small and illegal as well as inefficient separating and smelting enterprises in order 
to gain more control. It was reported that the government planned to cut down the number of 
enterprises from 100 at the moment to 20 (China Net 2010). 

As for the mohitoring aspect, the Ministry of Industry and Information Technology will over- 
see the industry by creating an examination and inspection system for rare earth extraction 
to guarantee that national directive plans are being implemented and executed. 
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5.2 Rare earth processing outside of China 

Figure 11 on page 36 presents the shares of the different EU member states at the total rare 
earth compound imports of the EU-27. It shows that the main importers (import from outside 
the EU) in 2008 were France (38 %), Austria (24 %), the Netherlands (16 %), United 
Kingdom (8 %) and Germany (8 %). This corresponds to the location of the main rare earth 
processing industries in Europe. Selected industrial activities are listed below: 


Table 5-5 Selected industrial activities In rare earth processing in Europe 


Country 

Selected companies ^ 

Products , 

France 

Rhodia 

automotive catalysts, phosphors 


(formerly Rhone-Poulenc) 


Austria 

Treibacher Industrie AG 

catalysts, glass polishing powder, glass fusion, 
pigments and ceramic glazes, pharmaceutical 

products 

Netherlands 

Walker Europe 

magnet production 


Goudsmit Magnetic Systems 

magnet production 

United Kingdom 

Magnet Applications 

magnet production 


Arnold magnetic 

Technologies 

magnet production 


Less Common Metals 

Limited (subsidiary of Great 

Western Mineral Group) 

alloys with rare earths 

Germany 

Vacuumschmelze 

magnet production 

Estonia 

Silmet Rare Metals 

rare earth separation, rare earth metai 
production 


The list of European companies above shows that there are only a few industrial activities on 
rare earth refining and processing. The European companies are mainly involved in 
manufacturing processes for semi-finished or finished products which contain REE like 
magnets, alloys, automotive catalysts, etc. 

Most of the core rare earth refining and processing activities are located in China and some 
processing is carried out in Japan. One example for the dominance of the Chinese rare earth 
processing is the permanent magnet production. There are only a few capacities for the 
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refining of the intermediate products (alloys) in Japan and no capacities in Europe and the 
United States. Concerning the final magnet production, there are a small number of 
permanent magnet producers in Europe, whereas the United States is not currently 
producing neodymium permanent magnets. There is only one samarium cobalt magnet 
producer in the United States (GAO 2010). 

The next figure shows the process steps and the national shares of the global processing of 
permanent neodymium magnets (data compiled from Molycorp (2010c) and GAO (2010)): 


RBJMrtirig 




97% m China 




irSeparatlon of Ores rnto Oxides: 


97% in China 


■■ 

Refining of Ofldes to Metals 


almost 100% 
In China 


75 - 80% in China 


FortViing Meials intl'Magnet Alloy Powders ^^|| 20 - 25% in aapah; 


INdFeB Magnet Maiufacturing ' 


*75 -80% in China 

« ' 1 7 - 25% in Japan 
3 - 5% in Europe 


Figure 10 Process steps and national shares of neodymium magnet production (GAO 2010, Molycorp 

2010c) 


Even if some shares of the Chinese production were overestimated as there are some 
smaller processing facilities outside of China, the figures show very dearly the key fact that 
there is little processing technology for the first steps of rare earth processing and refining 
outside of China. The American company Molycorp Minerals is planning to resolve this 
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problem by re-opening their rare earth mine and concentration plant at the Mountain Pass in 
California and complementing it with the whole rare earth processing chain including a 
neodymium permanent magnet production. 


Conclusion on global rare earth processing 

In terms of separation and smelting technologies, China owns internationally advanced 
rare earth technology. It is the only country in the world that can provide rare earth 
products of all grades and specifications. China not only produces rare earth containing 
intermediate products but also manufactures most of the final products. China's 
government encourages its enterprises to extend the manufacturing of finished products 
with a higher value using high-technology at the end of the process chain. 



According to the “Entry Criterions for Rare Earth Industry" and the “2009-2015 Plans for 
Developing the Rare Earth Industry", the rare earth industry in China will be divided into 
three large districts in order to undergo consolidation with mergers and closing of small 
plants. For the years from 2009 to 2015, China will not be issuing any new mining licenses 
of rare earths. During this period, the existing rare earth enterprises should put emphasis 
on improving the level of technical equipment, environmental protection and management 
capability. Furthermore, a plan has clearly been specified to close down a number of small 
and illegal as well as Inefficient separating and smelting enterprises. An examination land 
inspection System shall also be created. 

Besides China, Japan Is able to carry out some rare earth processing. In Europe, there 
are only a few industrial activities on rare earth refining and processing. The European 
companies are mainly involved in manufacturing processes for semi-Finished or finished 
products which contain REE like magnets, lighting systems, alloys, automotive catalysts, 
etc. 
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6 Rare earth trade 

6.1 Global rare earths imports 

The major importers of rare earths compounds in 2008 were Europe, USA and Japan (BGS 
2010). The amounts of imported rare earths according to the national statistical offices are 
given in the next table. It should be noted that the different regions use a different statistical 
framework. 


Table 6-1 Imports of rare earth compounds of Europe, United States and Japan in 2008 


p 

i 

ilk.. 


£1 ii iilirt 

I Compounds included in the statistic 

EU 27 

23 013 1 

90 

Eurostat 2010 

Metals, intermixtures or interalloys of 

rare-earths, Sc and Y 

Compounds of rare-earth metals, mixtu- 
res of these metals, Y or Sc 

USA 

20 663 1 

91 % 

uses 2010 c 

Rare-earth and Y compounds, Rare- 

earth metals, Mixtures of rare-earth 

chlorides, Ferrocerium and other 

pyrophoric alloys 

Japan 

34 330 t 

91 % 

Trade Statis- 
tics Japan 2010 

Cerium-, Lanthanum- and Yttrium 

Oxide, other cerium compounds, others 


In total, according to these figures, 78 006 t of REO containing compounds were imported in 
2008 by EU 27, Japan and USA. Of these, around 71 000 1 were imported from China. 

The next figure shows the share of the European member states in terms of the total imports 
of rare earths compounds from outside the EU-27. Imports from other EU member states are 
not included. 


The statistics from Eurostat provides no data on the origin of the imports to Austria. The share of Chinese 
imports In terms of total imports of all EU-27 members besides Austria is 90%. 
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Figure 11 Share of different EU countries in the total rare earth compounds imported by the EU-27 

(Eurostat 2010) 


Figure 11 shows that the main importers of the EU-27 in 2008 were France (38 %), Austria 
(24 %), the Netherlands (16 %), the United Kingdom (8 %) and Germany (8 %). 


6.2 Global rare earth exports 
6.2.1 Chinese rare earth exports 

In order to try to protect rare earth resources and promote the sustainable, rapid and healthy 
development of the rare-earth industry in China, the State Development Planning 
Commission of China has issued the Interim Provisions on the Administration of Foreign- 
funded Rare Earth Industry, which has been effective since 1®' August 2002. It is clearly 
stipulated that foreign enterprises are prohibited to invest in mining and extraction of rare 
earth minerals in China. As for the separating and smelting areas, only joint-venture 
enterprises are allowed for foreigners. Foreign capitals are, however, encouraged in the 
fields of intensive processing and investigation regarding applications of advanced materials 
out of rare earths in China. 

Figure 12 pictures the development of the Chinese export volume from 1979 to 2008 
according to Chen (2010). Generally speaking, the exportation of rare earth increased 



Figure 12 


Gross exportation volume of rare earths from 1979 to 2008 in China (Chen 2010) 


The export of rare earths decreased by 29 % in 2010 compared to 2008, as shown in Table 
6 - 2 . 


Table 6-2 Chinese rare earths exports of state and fbreign-invested enterprises from 2008-2010 

(MOFCOM 2010b) 


""" 

3^,2008 


2010 

(Approved exports) 


Chinese-invested enterprises (t REO) 

34 156 

31 310 

30 258 

Foreign-invested enterprises (t REO) 

8 210 

16 845 

Total (t REO) 

42 366 

48 155 

30 258 

Reduction in % compared to 2008 

0% 

14% 

-29% 


A detailed breakdown of the exportation volume between the first and second half-year is 
shown in Table 6-3. These data originally refer to announcements of the Ministry of 
Commerce of the People's Republic of China Department of Foreign Trade. The table shows 
the export quota realised by domestic Chinese-invested enterprises for 2008, 2009 and the 
first half of 2010. For the second half of 2010, the given amount of 7 976 tons also includes 
the foreign-invested enterprises. 
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Table 6-3 Export quota only for domestic Chinese-invested enterprises for 2008, 2009 and the first half of 

2010 (MOFCOM 2010b) 


Tunc coverrigc 

2008 

2009 2010 

The first half of the year (t REO) 

22 780 

15 043 

16 304 

The second half of the year (t REO) 

11 376 

16 267 

7 976* 

Total (t REO) 

34 156 

31 310 

24 280 

Reduction compared to 2008 


-8% 

-29% 


For the second half of 2010, the given amount of 7 976 tons also includes the foreign-invested 
enterprises. 


From 2009 to 2015, the rare earth export quota issued by China's Ministry of Commerce 
could be restricted to 35 000 tons according to the 2009-2015 Plans for Developing the Rare 
Earth Industry. The aims of control of rare earth exports are to regulate the current non- 
transparent situation of rare earth industry, to protect resources and the environment and to 
guarantee the supply of the rising domestic demand. Meanwhile, China is promoting 
renewable energy and green technology. The domestic demand for rare earth could 
therefore increase rapidly, as rare earth is related closely to the green industries such as 
wind turbines or electric vehicles. 

All data given in the tables and figures above do not include the illegal exports from China. 
According to news on 9 October 2010 from China Securities Journal (2010), it was estimated 
that in 2009 about 20 000 t REO of rare earths were smuggled to foreign countries illegally, 
besides legal exports. Compared to the illegal quantity in 2008, 2009 presents an increase of 
10 %. Thus, the sum of legal and illegal exports would be around 60 500 t in 2008 and 
around 68 000 t in 2009. A comparison of the Chinese exports with the import data of the 
major importers are quite informative; The import statistics from Japan, USA and EU as 
presented in Table 6-1 indicate rare earths imports from China of around 71 000 t in 2008. 
These high imports support the estimate for illegal exports in the magnitude of 20 000 or 
even more t REO yearly. 

6.2.2 Non-Chinese rare earth exports 

The main non-Chinese exporters of semi-products of rare earths are Japan, USA and 
Europe. These countries import primary material mostly from China and export processed 
semi-products. The following table shows the exports in 2008. For Europe, exports within the 
EU-27 are not included. 
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Table 6-4 Exports of semi-products of rare earths of Japan, USA and Europe in 2008 



Exports of rare 

earth compounds 

ill 2008 

Data source 

Compounds included in tfie statistic 

EU 27 

4 704t 

Eurostat 

2010 

Metals, intermixtures or interaiioys of rare-earths, Sc 

and Y 

Compounds of rare-earth metals, mixtures of these 

metals, Y or Sc 

USA 

8 253t 

uses 2010c 

Rare-earth and Y compounds, rare-earth metals, 
mixtures of rare-earth chlorides, ferrocerium and 

other pyrophoric alloys 

Japan 

8 997t 

Trade 

Statistics 

Japan 2010 

Cerium-, lanthanum- and yttrium oxide, other cerium 

compounds, others 


The main destination countries for Japanese exports are South Korea (33 %), China (17 %), 
Taiwan (15 %), Thailand (14 %) and USA (9 %). 

6.3 Development of prices 

Figure 13 shows the development of some selected rare earths oxides from 2001 to 2010. 




a) Lanthanum, cerium and neodymium oxide 


b) Europium, dysprosium and terbium oxide 


Figure 13 Prices for lanthanum, cerium, neodymium, europium, dysprosium and terbium oxides from 

2001-2010 


The figure shows the moderate price development up to the end of the decade and the steep 
increase due to the increased global demand and the reduction of Chinese exports. The 
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steep price increase not only affects the REE for which supply shortages are forecasted but 
also less scarce REE such as cerium. The detailed prices of selected rare earths metals and 
rare earth oxides are shown in Table 6-5 and Table 6-6. 


Table 6-5 Prices of selected rare earths oxides drt 22 Nov 2010* 


Rare Earth Oxide 1 

.; Price ($fkg) 

Cerium 

59-62 

Dysprosium 

284 - 305 

Erbium 

84-94 

Europium 

585 - 605 

Gadolinium 

43-46 

Lanthanum 

55-58 

Neodymium 

79-83 

Praseodymium 

71 -80 

Samarium 

33-35 

Terbium 

595-615 

Yttrium 

53-70 


‘Data compiled from www. metal-pages, com and www.asianmetal.com: 
free-on-board; min purity 99% (Y min 99,999%) 


Table 6-6 Prices of selected rare earths metals on 22 Nov 2010* 


TitafeVEafth Metal 

Price ($/kgT 

Cerium 

43-55 

Dysprosium 

372-415 

Europium 

710-800 

Gadolinium 

53-56 

Lanthanum 

42-46 

Neodymium 

97-100 

Praseodymium 

84-106 

Samarium 

44,50-53 

Terbium 

750 - 792 

Yttrium 

61 -63 


‘Data compiled from www.metai-pages.com and www.asianmetal.com; 
free-on-board; min purity 99% (Y min 99.999%) 
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Conclusion on rare earth trade 

China is the world leading exporter of rare earths. The exports in 2009 amounted to about 
48 000 t REO legal exports plus additionaT illegal exports of around 20 000 t REO. The major 
importers of rare earths compounds were Europe, USA and Japan, importing a total of 78 000 
t of rare earths containing compounds in 2008. Of these, more than 90 % were imported from 
China. 

China reduced the official exports in 2010 by 29 % compared to 2008 (around 30 000 t REO 
in 2010) and announced further export restrictions for 2011. This policy and the increasing 
demand for rare earths lead to a steep increase in the prices of most rare earth elements. 
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7 Environmental aspects of rare earth mining and processing 

7.1 Overview of the main process steps in mining and processing 

The diversity of the deposits results in a wide variation in mining and processing technolo- 
gies. Often, rare earths are exploited as a by-product of other metals. Examples are the 
largest rare earth mining at Bayan-Obo, where the main output is iron. Furthermore smaller 
REE extractions are by-products from titanium or uranium mining operations (BGS 2010). 
The most often practiced processing technique of the crude ore after mining is the concentra- 
tion (also called beneficiation) by milling and flotation. This technique is used at Bayan-Obo, 
at the Sichuan mine, at Mountain Pass and in the short term also at Mt Weld. The next figure 
shows the main process steps in REE mining and beneficiation. 



Tailings 

Waste 

(impoundment 

rock 

areas or -= ■ 

storage 

stockpiles) 


Mining 


:(<1-10% REO) 


^ Milling 


Flotation 


Further 

(-30-70% REO) [ processing : 


Ores with low Concentrate 

concentration 

0 It^cO-IrtttltLrt ey. 


Figure 14 Main process steps in REE mining and processing 


The first step, the minino, most frequently takes the form of open pit mining. However, there 
are also deposits which would require underground mining, e g. the Canadian deposit at the 
Thor Lake. 

In open pit mining, before reaching the ore rich in the metals to be extracted, the overbur- 
den material (soil and vegetation above the bedrock) as well as the waste rock (not ore- 
bearing or having a too low concentration of the ore) need to be removed and are stockpiled. 
The second step after mining of the crude ore is milling . The ore is crushed and subse- 
quently ground to fine powder in the mill with the aim of creating a high surface which is 
needed for the further separation. 

The third step is the separation of the valuable metals from the rest of the ore by physical 
separation methods. The most commonly used method is flotation, which requires a lot of 
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water and chemicals (flotation agents) as well as a high amount of energy (see, for example, 
Canino et al. 2005). The input into the flotation is the milled crude ore with usually low 
concentrations (grades) of REO (often between 1 and 10 %). The product of the flotation is 
an enriched concentrate with a higher REE-percentage (in the range of 30 - 70 %). The 
huge waste streams, called tailings, are a mixture of water, process chemicals and finely 
ground minerals. Usually, the tailings are led to impoundment areas , which can be either 
artificial reservoirs or even natural water bodies (e.g. lakes). They are surrounded by dams. 
Finally, the concentrate undergoes further processing . It is transported to a refinery which 
can be off-site. There the REE are further extracted and separated into the different elements 
as required. This separation of individual REE is particularly difficult due to their chemical 
similarity. 

An alternative mining technology is the in-situ leaching technology which is used in the 
Chinese HREE mining from ion adsorption deposits. It is introduced in Chapter 7.3.5. 

7.2 Environmental risks 

The next figure gives an overview of potential dangers for the environment if the mining and 
processing is carried out without or with insufficient environmental technologies. The red 
flashes in the figure symbolise the main risk spots. The size of the flashes is an indicator for 
the severity of the risk. 
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Figure 1 5 Risks of rare earth mining without or with insufficient environmental protection systems 


The major short- and long-term risks are constituted by the tailings. The tailings consist of 
small-size particles with large surfaces, waste water and flotation chemicals. Usually, they 
remain forever in the impoundment areas where they are exposed to rain water and storm 
water runoff. During this continuous exposure to water, toxic substances can be washed out. 
If the ground of the impoundment areas is not leak-proof, there will be steady emissions to 
groundwater. Another serious risk is the storm water run-off when heavy rain falls occur and 
the impoundment areas are not able to store the huge amounts of storm water. Then, large 
amounts of untreated toxic water will pollute surrounding water bodies and soils. The 
composition of polluting water is site-specific as it depends on the composition of the host 
minerals and the used flotation agents. However, in most cases, the tailings include 
radioactive substances, fluorides, sulphides, acids and heavy metals. It is important to note 
that most of the rare earth deposits contain uranium, thorium and their further decay 
products. Only very few known deposits are free from radioactive substances. An ecological 
disaster will occur if the dam collapses and the highly toxic water and sludge flood the 
surroundings. There are several risks which might cause a dam collapse: the dam might fail 
due to overtopping from storm water, collapse due to poor construction or burst due to 
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seismic events. These risks require a long-term monitoring as the dams must not only remain 
stable during the mining operation, but also keep intact over decades and centuries after the 
closure of the mine. 

A similar risk is given by the waste rock stockpiles. They are also exposed to rain water, 
and toxic substances such as radioactive substances, fluorides, sulphides, acids and heavy 
metals will be washed out and spread into water bodies and soil, if no water management 
and water treatment is installed. In most cases, the potential release is lower than in the 
tailings, as the rock consists of coarse minerals whereas the tailings consist of finely milled 
particles. 

Another environmental risk is the open pit itself, particularly after the closure of the mine. It 
will be exposed to rain water, which will wash out toxic and radioactive substances as 
described above for the waste rock stockpiles. 

Besides the manifold risks due to toxic and radioactive water emissions, the mining and 
processing also causes serious air emissions if no adequate measures are taken. A main 
risk factor for the workers and the neighbourhood are wind-blown dust particles containing 
thorium or other radioactive substance. Further toxic substances in the dust might be heavy 
metals. The dusts arise from different sources: the mine and the mining operations, the 
milling, the transportation and storages as well as from the wind-blown dust particles from 
the waste rock stockpiles or the tailings. The two last-mentioned sources are a long-term risk 
if no adequate post-operative treatment will be Implemented after the closure of the mine. 
Further environmental harm is connected to the land-use. It covers the mine, the storage of 
the waste rocks, the tailings, the whole infrastructure and the surrounding areas, which are 
affected by pollution during the mining operation as well as after the mine closure. Another 
environmental burden is the large water consumption, particularly if the mining is carried 
out in dry areas. 

The further refining of the rare earth concentrate is a very energy-intensive process and 
causes serious air emissions (e.g. SO 2 , HCI, dust, radioactive substances) if no abatement 
technologies are installed. Depending on the used energy carriers, high C02-emissions will 
arise and contribute to climate change. 

Furthermore, radioactive waste arises in most cases, as the majority of the rare earths 
deposits also contain thorium and/or uranium. The radionuclides are partly separated in the 
flotation and partly remain in the tailings. The other part enters the further processing with the 
concentrate and is subsequently separated. A safe disposal is required in all cases. 

Table 7-1 summarises the major environmental risks: 
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Table 7-1 Major risks of REE mining and processing with insufficient environmental techniques 


Risk 

Affected compartments 

Relevant toxic compounds 

Overtopping of tailings dam 

groundwater, surface 
water, soil 

Water emissions; 

• in most cases 

radionuclides, mainly 
thorium and uranium; 

• heavy metals; 

• acids; 

• fluorides; 

Air emissions; 

• in most cases 

radionuclides, mainly 
thorium and uranium; 

• heavy metals; 

• HF, HCI, SOz etc. 

Collapse of tailings dam by poor 

construction 

groundwater, surface 
water, soil 

Collapse of tailing dam by seismic 

event 

groundwater, surface 

water, soil 

Pipe leakage 

groundwater, surface 
water, soil 

Ground of tailing pond not leak- 
proof 

groundwater 

Waste rock stockpiles exposed to 

rainwater 

groundwater, surface 

water, soil 

Dusts from waste rock and tailings 

air, soil 

No site-rehabilitation after cease of 
mining operation 

land-use, long-term 

contaminated land 

Processing without flue gas filters 

air, soil 

Processing without waste water 

treatment 

surface water 


Beside the impacts mining has on the environment, mining also entails social impacts which 
have to be carefully considered when planning and realising mining projects. 
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7.3 Environmental aspects of mining and processing in China 
7.3.1 Overview 

China currently operates several large mines and a large number of small - partly illegal - 
mines, the environmental problems of which are briefly described below in order to give a 
quick overview. Further environmental aspects are given in the following chapters. 


■ The Bayan-Obo Mine in Inner Mongolia is the largest rare earth mine in the world. The 
main product is iron ore, light rare earths are a side product. The surface mining extracts 
a bastnaesite-monazite-mix containing LREE and also thorium. There are severe 
environmental problems and health hazards in mining, concentration and further 
processing. Another large open-pit mine for LREE based on bastnaesite is the Sichuan 
mine. Here, the bastnaesite also contains thorium (MEP 2009). 

• Heavy rare earths are mined from ion adsorption deposits in southern China. They 
belong to the few known deposits without radioactive accompanying elements. 
Nevertheless, there are serious environmental problems. The mining is carried out with 
in-situ leaching, a technique which requires no surface and no underground mining 
(Cheng & Che 2010). Holes are hereby drilled into the ore deposit. Then, the leaching 
solution is pumped into the deposit where it makes contact with the ore. The solution 
bearing the dissolved ore content is then pumped to the surface and processed. The 
Chinese government regards the in-situ leaching technology as more environmentally 
sound than other leaching technologies such as pond and heap leaching (MIIT 2010). 
However it should be noted that this leaching procedure is also problematic because it is 
not controllable hydro-geologically. 

■ There are numerous small illegal mines in China. There are estimations that around 
20 000 t REO were illegally mined and smuggled outside of China. Probably, most of 
these mines have no environmental technologies at all, and there are reports of serious 
environmental damages and health hazards in their surroundings (Bork 2010, Zajec 
2010). 

• In the course of the extracting, separating and refining processes, a large number of 
chemical materials are applied, leading to a huge amount of waste gas, waste water and 
solid waste. Most facilities do not have sufficient treatment systems. Some small rare 
earth smelting separation facilities even do not have any system for environmental 
protection at all (Chen 2010). 


The Chinese government is aware of these challenges and is willing to raise the environ- 
mental standards. Details on the mines, the processing and the Chinese environmental 
policy are presented in the next chapters. 
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7.3.2 Implemented technologies for mining and processing in China 

Table 7-2 provides an overview of present mining and separation as well as refining methods 
in China’s rare earth industry, differentiated according to the three types of minerals domina- 
ting in China. 


Table 7-2 Overview of mining, extraction and separation methods adopted in China's rare earth industry 

(compiled based on MEP 2009) 


Minerals 

Mining & 
Beneficiatibn 

Decom|}0«ition of rare 
eartii concentrate 

Separation and 
Refining of REO ' 

Extraction of rare 
earth metal 

1 . 

Bastnaesite- 
monazite- 
mixed type 
(Bayan Obo 
mine, inner 
Mongolia) 

Surface mining: the 
ore is Iron-Niobium- 
REE deposit. 

The ore is crushed 
into gravel size and 
transported to the 
mill factory. Through 
tow-intensity 
magnetic separation 
to high-intensity 
magnetic separation 
up to flotation 
process, rare earth 
concentrates (with 
30-60% grade of 

REO) are produced 
as a co-product by 
main product iron. 

Two following methods 
are used; 

a) acidic method 

REO are roasted at 400‘’C 
and SOO^C in 
concentrated sulphuric 
add to remove fluoride 
and CO 2 - Then the 
solution is leached in 
water and filtered to 
remove the impurities. 

REEs are then leached in 
extraction agents like 
ammonium bicarbonate 
(NH 4 )HC 03 predpitation 
and hydrochloric acid. 

REE chlorides (RECI3) are 
achieved. This method is 
used for 90% of products. 

b) alkaline method 

For successive 
separation, liquid- 
liquid extraction is 
adopted mainly 
based on P507 
(C 16 H 35 O 3 P) and 

HCI, Then the 
solvent is 
precipitated by 
ammonium 
bicarbonate 
(NH 4 )HC 03 or 
oxalic acid C 2 H 20 d, 
The precipitate 
(RE 2 (C 204)3 or 
RE 2 (C 02 ) 3 ) is 
heated and REO 
are formed by 
oxidation. 

Light rare earth 
metals are 
extracted by 
molten salt 
electrolysis based 
on chloride or 
oxide. 

The middle and 
heavy rare metals 
such as Sm, Eu, 

Tb and Dy are 
obtained by 
metallothermic 
reduction in 
vacuum. The 
reaction is carried 
out at 1450- 
1750°C and needs 
an inert gas like 
Argon. 

2 . 

Bastnaesite 

(Sichuan) 

Surface mining; the 
ore is aikali granite 
type rare-earth 
elements deposit. 

The ore is crushed 
into gravel size and 
transported to the 
mill factory. Two 
methods are 
adopted; 

-from gravity 
separation to 
magnetic separation 
-from gravity 
separation to 
flotation separation 

The rare earth 
concentrates achieved a 
grade of 70% REO. The 
present treatment process 
of Sichuan bastnaesite in 
the industry Is oxidating 
roasting-hydrochloric 
teaching process. The 
roast is carried out at 

600*0 to remove C 02 ,. 

The RE concentrates are 
leached in hydrochloric 
acid, precipitated by 
sodium hydroxide solution 
and leached in 
hydrochloric acid again. 
REE chlorides (RECI 3 ) are 
achieved. 




231 


'OW-lnstftut e.V. 

tniliruM f«r AppB«d 


49 


Study on Rare Earths and Their Recycling 


Continuation of 


Table 7-2 Oven/iew of mining, extraction and separation methods adopted in China's rare earth Industry 


Minerals 

Mining & 
Beneficiation 

Decomposition of 
rare earth concentrate 

Separation and 

Refining of REO 

.x-ll -x' 

Extraction of 
rare earth 
metal 

3. Ion adsorption 
deposits (seven 
provinces in the 
South of China) 

Currently used mining method is ISL (In-Situ 
Leaching), which is a typical flow process 
coupled with chemical reaction and solute 
transport. Heap leaching and ponding 
leaching have been banned due to massive 
vegetation damage. 

The minerals are firstly leached In ammonium 
sulphate (NH 4 ) 2 S 04 through ion exchanging 
reaction, Then rare earth concentrates are 
obtained by precipitation with ammonium 
bicarbonate (NH 4 )HC 03 or oxalic acid C2H2O4. 
Rare earth concentrates with a grade of 92% 
REO are achieved. 

Concentrates are 
leached in hydrochloric 
acid (HCI) 

Extraction is carried out 
in P507 (C 16 H 35 O 3 P)' 
system. This extraction 
reagent 2-ethylhexyl 2- 
ethylhexyl phosphate 
(P507) is widely used to 
extract and separate 
rare earth metals. 

see above 


7.3.3 Bayan Obo mine 

The iron-niobium-LREE deposit at Bayan Obo is the iargest discovered ore resource in the 
worid. The primary product is iron. Rare earth is a secondary product of this deposit. 

After more than 40 years of mining, the Main and East ore bodies have been exploited to 
35%, In the operation period up to 2005, the recovery rate of mineral resources was less 
than 10%. Bo et al. (2009) indicated that present recovery rates of mineral resources are 
higher, at around 60% by state-owned and 40% by individually-owned enterprises. The 
thorium resource has not been utilised according to the Draft of Emission Standards of 
Pollutants from Rare Earths Industry (MEP 2009)'°. 

The tailings are transported to large nearby territories and piled up. The tailings impound- 
ment/reservoir of the whole mining operations (iron ore and rare earth concentration plants) 
is twelve kilometres in length and covers eleven square kilometres. According to Bradsher 
(2010) this area is about 1 00 times the size of the alumina factory waste pond that collapsed 
in Hungary on August, 4"’ 2010 releasing 600 000 to 700 000 cubic metres of toxic red 
sludge into its surroundings (WISE-Uranium 2010). 

The Chinese Draft of Emission Standards of Pollutants from Rare Earths Industry (MEP 
2009) indicated that the amount of tailings from the iron and rare earth mining in Bayan Obo 
has reached 150 million tons. 


According to researches at Oko-lnstitut, there is no longer a demand for larger amounts of thorium. The 
former applications In lighting and welding electrodes are going to be phased out. 
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The radioactive element thorium (Th) is contained in tailings and residues. The measuring 
results presented by the Baotou Radiation & Environmental Management Institute in Novem- 
ber 1998 showed that the average Th content is 0.0135% and the gamma-radiation dose 
rate of East, South, West and North ore bodies of Bayan Obo is 60.6-958.6 nGy/h, 54.5-546 
nGy/h, 60.3-611.3 nGy/h and 49.7-599nGy/h, respectively, thus considerably exceeding the 
normal environmental conditions. It turned out that the environment was contaminated. The 
sample analysis of plants on ”^Th, ™Ra, ‘'“K showed that the specific radioactivity in 
plant tests is a factor of 32 and in soil tests a factor of 1 .7 higher than that of references. This 
provides evidence that plants and soil at Baotou region have been contaminated (MEP 
2009). 

The Explanation of Compiling of Emission Standards of Pollutants (MEP 2009) also stated 
that Th-containing dust is emitted in a range of 61.8 1 per year during the crushing process. 
Considering the human health aspect, the Healthcare Research Centre has proved in a 
twenty-year follow-up study on health effects following long-term exposure to thorium dusts 
that the mortality rate of lung cancer has significantly increased for the workers in Baotou 
(Chen et al. 2004). 

Furthermore, Buckley (2010) reports on groundwater pollution from the tailing pond which 
affects the wells of the nearby villages, the livestock and the agriculture and causes serious 
damage to the health of the inhabitants. 

Processing 100 thousand tons of rare earth concentrates per year during the extraction 
phase, approximately 200 tons of Th 02 contained in sludge are left over. Using the sulphuric 
acid-roasting method during the production of one ton of rare earth concentrate, between 
9600-12000 m^ of waste gas containing fluoride, SO 2 , SO 3 and dust may be emitted. 
Furthermore, 75 m^ of acid-washing waste water and one ton of radioactive residues are 
generated per ton (MEP 2009) 

7.3.4 Sichuan mine 

The recovery rate of the mining and the concentration plant of the Sichuan mine has been 
less than 50% (Cheng & Che 2010). 

Oxidising roasting-hydrochloric acid leaching method is currently mainly adopted in the treat- 
ment process of Sichuan bastnaesite in the rare earth industry. The problem associated with 
this method is that the purity of the cerium produced is low. Furthermore, fluorine and 
thorium are dispersed into waste residues and waste water. 

7.3.5 Ion adsorption deposits 

The scarce HREE from ion adsorption deposits in the south of China has at present an 
average recovery rate of 75% by applying the in-situ leaching method. Between 1970 and 
1999 the recovery rate was only about 26% by using the ponding leaching method (Cheng & 
Che 2010). 
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7.3.6 Waste water from REE separation and refining 

Since saponification with ammonia is still used for rare earth refining, a large number of 
waste water is produced. To separate one ton of rare earth concentrate with a REE content 
of 92% REO, 1-1.2 tons of ammonium bicarbonate are needed (MEP 2009) . 

Overall, it is estimated that within the whole rare earth refining industry approximately 20 000 
- 25 000 thousand t of waste water are generated per year, based on the production data of 
103 900 t REO in 2005. The NH 3 /NH 4 *-content of waste water ranges roughly between 300 
and 5000 mg/litre. That factor exceeds the limit set by the government by more than ten to 
even 200 times (MEP 2009). 

7.3.7 Chinese environmental policy 

In the past, few environmental concerns were taken into account during mining and proces- 
sing, and an efficient use of resources was not taken into consideration. Altogether, with the 
increasing importance of rare earths in applications, China has realised the current problems 
in the rare earth industry and the urgent need for an efficient use of resources and better 
management practices. China also identified a lack of regulation. In order to protect its rare 
earth resources and to develop them in a sustainable way, China started a comprehensive 
series of regulations and standards. New policy statutes were made and promulgated 
including a Mid- and Long-Term Development Plan for the Rare-Earth Industry and the Rare- 
Earth Industrial Development Policy. The environmental aspects are described in the 
subsequent chapters. Further issues such as the intended structure of companies including 
the closure of small mines and processing facilities are presented in Chapter 5.1.2. 

7.3.7.1 Entry criteria for rare earth industry 

In May 2010, the Ministry of Industry and Information Technology of China issued the notice 
on the consultative draft of "Entry Criterions for Rare Earth Industry” (MIIT 2010). This 
regulation clearly stipulates thresholds and requirements in terms of environment protection 
to assist the rare earth industry in sustainable development. It also foresees a restructuring 
of the rare earths industry. The major environmental aspects are: 


■ Mining of pure monazite minerals is banned due to the high-level radioactive elements 
and the resulting environmental damage. 

■ As for the operation and technological equipment, the facilities for the processing of 
bastnaesite and mixed minerals are obliged to install a complete treatment system for 
waste water, waste gas, and solid waste, 

■ Regarding ion adsorption deposits, ponding and heap leaching was banned due to 
massive environmental damage. Instead, the ISL- (In-Situ Leaching-) method shall be 
applied. 
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■ Saponification with ammonia is banned from rare earth refining. 

■ Elementary metal refining should not adopt the process of electrolysing metals by their 
chlorides, 

■ With respect to the electrolysis system when using molten salt fluoride, facilities should 
be equipped with a treatment system capable of dealing with fluorine-containing waste 
water and waste gas. 

■ Fluor-containing solid waste should be disposed separately and must not be mixed with 
other industry residues. 

■ Requirements for an efficient electricity supply and specifications concerning the 
maximum energy demand per ton of rare earths produced are also indicated. 

• Regarding the resource aspects, it is also required that the mining-loss rate for mixed 
rare earth minerals and bastnaesite should not be more than 10%, while the ore 
dressing recovery rate of these ores should be not less than 72 %. 

• The ore dressing recovery rate of ion adsorption deposits should not be less than 70 %. 

■ The recycling rate of ore dressing waste water of mixed rare earth minerals and 
bastnaesite should be not less than 85 %, while that of ion adsorption deposits should 
not drop below 90 %. 

• The rehabilitation of plants and vegetation after mining of ion adsorption deposits should 
include at least 90 % of the affected area, 

• The yield of refined rare earth metal should be more than 92 %. 


7.3.7. 2 The 2009-2015 plans for developing the rare earth industry 

This development plan is a mandatory planning compiled by the Ministry of Industry and 
Information Technology of China (MlIT 2009). The major aim of the plan is to simplify 
management of China’s rare earth resources by “designating large districts.” The 
environmental aspects included in this plan are: 

• For the years from 2009 to 2015, China will not be issuing any new mining licences of 
rare earths. During this period, the existing rare earth enterprises should put emphasis 
on improving the level of technical equipment, environmental protection and manage- 
ment capability. 

■ The plan has clearly specified the shutdown of a number of small and illegal enterprises 
as well as inefficient separating and smelting enterprises in order to gain more control. 

■ As for the monitoring aspect, the Ministry of Industry and Information Technology will 
oversee the industry by creating an examination and inspection system for rare earth 
extraction to guarantee that national directive plans are being implemented and execu- 
ted. 
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7.3.7,3 Emission standards of pollutants from rare earths industry 

The revision of Emission Standards of Pollutants from Rare Earths Industry vyas finalised by 
the Ministry of Environmental Protection of China in July 2010. It is estimated that this 
regulation vyill be effective soon. This standard sets specific thresholds (differentiated 
betvyeen existing enterprises and nevyly-established enterprises) for the amount of pollutants 
including vyaste water, waste gas and radioactive elements, especially thorium. In comparing 
these thresholds to those set in some industry countries, the Explanation of Compiling 
“Emission Standards of Pollutants from Rare Earths Industry 2009" found that certain 
thresholds in these emission standards were even more stringent than those in industrial 
nations. 

7.3.8 Chinese research activities on clean production of rare earths 

China actively endeavours to encourage and promote the national clean production towards 
a sustainable economic and social growth and development. This was reflected at the 6t^ 
International Conference on Rare Earth Development and Application in Beijing where 
Chinese experts presented many survey papers on clean-tech/green-tech applications (Litton 
2010b). Additionally, certain papers from the 2"“' Academic Meeting on Rare Earths for Junior 
Scholars held by the Chinese Society of Rare Earths in 2008 analysed green or clean 
production of rare earth, besides investigating physical and chemical characteristics of rare 
earths in technical application. A website on patent information showed that 29 patents on 
the recovery of rare earths were taken out (Patent information 2010). The next paragraphs 
shortly summarise selected research projects: 

■ Che (2008) revealed in her study that the tailings from Bayan Obo lead to environ- 
mental damage and human toxicity. Furthermore, it means a waste of resources. Che 
(2008) discussed a clean dressing process, in which tailings are comprehensively 
utilised and which is “emission-free”. 

■ The University of Science & Technology Beijing obtained a patent in 2009 for achieving 
full recycling and clean production in the rare earth leaching process by applying 
the sulphate roasting method (University of Science & Technology Beijing 2009). The 
green production technology realises direct transformation from sulphate to carbonate by 
using the transformation technology of double decomposition reaction in chemical 
processes according to the principle of mutual transformation between solid substances 
with different solubility products. Non-rare-earth-compounds (such as ammonium 
sulphate and ammonium carbonate) and the like are fully recovered at low costs. 
Simultaneously, waste water can be fully recycled and reused. 
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■ The scandium extraction grade from Bayan Obo deposit is relatively low. Cheng (2008) 
showed that the extraction rate of Sc^* could reach 98 % by using liquid membrane 
emulsion technology. 

■ The present treatment of Sichuan bastnaesite in the rare earth industry is the oxidising 
roasting-hydrochloric acid leaching process. Luo et al. (2008) indicated that this method 
leads to pollution resulting from fluorine and thorium and generates cerium of low purity. 
Luo et al. (2008) demonstrated in their study that the oxidising roastlng-sulphuric acid 
leaching-extraction process Is a promising alternative green process, since it can 
not only produce high purity cerium, but also effectively realises the separation of 
fluorine and thorium. The results of their study indicated that stripping thorium from 
HEHEHP (2-ethylhexyl 2-ethylhexyl phosphate) is more efficient than stripping it from 
other phosphoric extraction agents. A thorium recovery of a maximum of 70 % could be 
obtained by a single stage stripping. 

■ In 2005, Grirem Advanced Materials Co., Ltd. developed an environmentally friendly 
hydrometallurgical separation processes. A non-saponification solvent extraction 
process based on hydrochloric acid and sulphuric acid was developed to separate 
neodymium and samarium. This method eliminates the generation of ammonia 
nitrogen waste water. The consumption of other extraction agents is decreased by 20 % 
due to a reduced number of processes which also imply greatly reduced costs 
(MEP 2009). 

■ The Beijing General Research Institute for Nonferrous Metals took out a patent in 2008 
relating to a technological method for extracting and separating quadrivalent cerium, 
thorium and fluorine, as well as to a small extent trivalent cerium from rare-earth- 
sulphate solution. The synergistic extraction agents are based on P507 (2-ethylhexyi 2- 
ethylhexyl phosphate) or P204 (Di(2-ethylhexyl)phosphoric acid). Cerium, thorium, 
fluorine and iron are extracted into an organic phase. Then selective washing and back 
extraction are performed step by step. The advantages of this method are that the 
separation ratio of thorium is high, no emulsion is generated during the extraction 
process and all elements are extracted and separated in the same extraction system. 
With regard to the environment, since no ammonia saponification agent is adopted, there 
is no ammonia-nitrogen containing waste water, and fluorine and thorium are recovered 
(Beijing Nonfer-rous Metal 2008). 

■ Liu et al. (2008) studied green synthesis techniques of highly purified dysprosium iodide 
(Dyls) for HID (High Intensity Discharge) lamps. The traditional synthesising method 
uses mercury iodide and dysprosium in a chemical reaction which pollutes the 
environment due to the poisonous mercury. A green synthesis was therefore investiga- 
ted through a direct reaction between dysprosium and iodine in terms of reaction 
conditions. The results showed that anhydrous dysprosium iodide was synthesised with 
a purity of 99.95 % and a product yield of 88 %. 
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■ In 2009, XIAN Technological University invented a method for an improved separation of 
heavy rare earth metals with an optimised membrane technology (XIAN Technological 
University 2009). 

7.4 Environmental aspects of mining and processing outside of China 
7.4.1 General outlook 

The expected supply shortage of some REE has created manifold activities for the opening 
of new mines outside of China. Due to the tough timelines and the economic pressure, the 
incentive is quite high to implement new mining and processing facilities without considering 
the ecological impacts. Therefore, environmental aspects should be monitored attentively by 
the authorities and the public. 

The following Chapters 7.4,2 and 7.4.3 provide an overview of two mining and processing 
projects which will probably start operation in 2011 and 2012: the Mountain Pass project in 
California (USA) and the Mt Weld project in the desert of Western Australia with further 
processing in Malaysia. These two projects passed national approval procedures, and it is to 
be assumed that major environmental aspects will be taken into account. However, the 
operation practice will not only depend on the installed technologies but also on the proper 
management and monitoring by the operating companies and the authorities. 

The opening of new mines is discussed and exploration activities are carried out (drilling, 
laboratory tests and feasibility studies) on various other sites. One example is the Kvanefjeld 
deposit in Greenland which is presented in Chapter 7.4.4. Further countries where 
exploration activities are taking place are Canada, South Africa, Malawi, India and Vietnam, 
Kirghizia and Kazakhstan. There is some concern that some of these projects might be 
realised without sufficient environmental protection technologies. 

in the past, xenotime from Malaysian placer deposits with very high contents of uranium 
(2 %) and thorium (0.7 %) was processed in Malaysia. Due to this high radioactivity level, the 
Malaysian processing industry failed and the plants were closed (Meor Yusoff and Latifah 
2002, cited in BGS 2010). High levels of radioactivity also appear in monazite. Fortunately, 
the processing of beach sands containing monazite has been banned in Australia, China and 
Europe due to environmental concerns (Curtis 2009, cited in BGS 2010). However, nearly all 
deposits which are currently under exploration also have some more or less high contents of 
uranium and thorium and their decay products. The two outstanding exceptions are the ion- 
adsorption clay deposits in southern China as well as the Douglas River deposit in 
Saskatchewan, Canada (Kanasawa & Kamitani 2006, GWMG 2010a). 

Against the background of the severe problems of accompanying radioactivity in mining, 
Kanazawa and Kamitani (2006) suggest that countries should examine geological structures 
similar to the ion-adsorption clay deposits in China in order to discover other radioactivity-free 
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sources. Otherwise R&D for mineral separation, smelting and recovery should be promoted, 
including disposal of radioactive wastes. 

The presence of thorium and/or uranium in the rare earth ores is not only of importance for 
mining and concentration but also for refining and further processing. In all process steps, 
radioactive wastes arise and have to be handled cautiously. An example for the arising of 
radioactive waste is the French company Rhodia Electronics and Catalysts which processes 
rare earths. This waste was classified and handled according the French law (ANDRA 2009). 
Furthermore, the refining of the rare earth concentrate is a very energy-intensive process, 
causes air and water emissions and contributes to the global climate change, 

7.4.2 Mountain Pass, California, USA 

Due to environmental concerns as well as competition from lower-cost Chinese sources of 
rare earths beginning in the mid-1980s, production at the only mine of the United States at 
the Mountain Pass in California was stopped in 2002. Currently, the site is held by Molycorp 
Minerals, which is currently only generating revenue from products manufactured from its 
relatively small stockpile of rare earths. Molycorp Minerals plans the re-opening of the rare 
earths mining from 2012 to 2042 with an annual production of approximately 20 000 t. The 
average grade of the Mountain Pass ore is 8.2 % (using a cut-off grade of 5 %). The 
concentrate shall contain 68 % rare earths. The recovery rate shall be around 90 % 
according to Molycorp (2010a). 

The planned re-opening required an extensive approval procedure which resulted in an 
approval in 2004. Smaller plant modifications and improvements are subject to a further 
permit procedure. 

Due to the extensive public approval procedure, it is to be expected that the plant operation 
will run on an environmentally advanced standard, which will significantly reduce the 
environmental damage compared to old outdated techniques, if the management of the 
monitoring is carried out responsibly by the authorities and the operator. 

The documents concerning the approval procedure are publicly available (Molycorp 2010c). 
According to Molycorp Minerals (Molycorp 2010a, 2010b) the major issues in terms of the 
environment are as follows: 

■ The ore at Mountain Pass contains 0.02 % thorium and 0.002 % uranium by weight, as 
uranium and thorium occur in the bastnaesite mineral. Therefore, radionuclides will be 
part of the tailings and the concentrate. For the permission of the new plant operation, 
Molycorp received a broad scope licence, which allows facility personnel to conduct the 
day-to-day management of radioactive materials under the oversight of a Radiation 
Safety Officer and a Radiation Safety Committee. 

■ Molycorp plans the installation of a salt recovery (recovery of hydrochloric acid, sodium 
hydroxide, sodium hypochlorite) and water recycling facilities in order to reduce the 
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water consumption. The aim is to reduce the fresh water consumption of the mid-1990s 
(when the mine had an output of 20 000 1 REO per year) by approximately 90 %. 

• The waste water generated from the mineral recovery operations as well as waste water 
from the treatment of pit water and ground water remediation systems would be evapo- 
rated in a series of on-site ponds. 

■ A groundwater remediation system will be operated. 

• The open pit water will be pumped, treated and re-used. The faoility is constructed with a 
series of storm water diversion ditches and settling ponds, along with a series of check 
dams and silt fencing to minimise erosion. 

• The hazardous waste (mainly containing lead) shall be disposed of on exterior landfills 
for hazardous wastes. 

■ Flue gas treatment plants will be installed in order to reduce air emissions. 

■ The remediation of the area after mine closure was also part of the approval in 2004. 

7.4.3 Mount Weld, Australia and processing in Malaysia 

Lynas started mining (open pit) and the installation of a concentration plant at Mt Weld 
deposit in 2007. In 2008, about 800 000 1 of ore with an average grade of 15 % REO were 
mined and stored. The concentration plant is supposed to start operation in 2011 and to 
produce a concentrate of around 40 %. Mining is planned for a period of eleven years 
whereas the concentration plant shall operate for 18 years. The production of REO- 
concentrate at Mt Weld shall start with 11 000 t REO per year and increase up to 20 000 1 
REO per year [Lynas 201 Oa]. The recovery rate will be around 63 %. The cut-off grade is set 
to 2.5 % [Lynas 2009]. Further processing will be carried out at the Lynas Advanced 
Materials Plant in Malaysia. 

The Environmental Protection Authority of The Government of Western Australia provided 
the Ministerial Approval Statement to the Mining & Beneficiation Project at Mt Weld in 2006 
(EPA 2006). In 2008, the Department of Environment and Conservation granted the works 
approval (DEC 2008). The documents include some information on the operating conditions. 
The main issues are listed below: 


■ The premises are located approximately 35 km from the next housing area and 20 km 
from a lake. The surrounding landscape is characterised by arid plains. 

• Dust suppression techniques are required in order to ensure that dust emissions are of 
low significance. 

• The tailings are stored in the tailing ponds. The tailing ponds will be equipped with an 
impervious layer on the base and on the walls. The authority state that they demand high 
standard of seepage management design. A groundwater monitoring system is required. 
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■ Around 14 % of the water input to the tailing pond will be returned to the process plant. 

• The tailing ponds will be deemed a contaminated site after plant closure. 

• The pipelines will be controlled by electronic supervisory devices as well as by daily sight 
inspections. 

• The tailings contain 500 ppm thorium oxide and 30 ppm uranium oxide. There are no 
details given on the management of the radioactivity. The approval refers to the manage- 
ment by the Radiological Council under the Radiation Safety Act 1999. 

• The rehabilitation works of the overburden stockpiles have started (Lynas 2009). 


Further processing of the concentrate with an output of up to 22 000 t REO per year will be 
carried out in Malaysia by the 100 % subsidiary of Lynas called Lynas Malaysia. The 
approval from the Malaysian authorities was obtained in 2008, and the construction works 
already started in 2008. The start of operation is scheduled for 2011. The environmental 
impact assessment for the Malaysian plant is not publically available via internet. Concerning 
the chosen location for the processing plant, Lynas argues that the processing of the Mt 
Weld material will be realised in Malaysia because of the good infrastructure, the skilled 
labour force with experience in the chemical industry and the nearby supply of the required 
chemicals. 

7.4.4 Kvanefjeld, Greenland 

Large resources of rare earths with a high content of HREE of about 14 % can be found in 
the Kvanefjeld region in southern Greenland, which is currently discussed for the joint mining 
of uranium and rare earths. Figure 7 on page 15 impressively shows the very large size of 
this deposit and its significant HREE contents in comparison to other deposits where pre- 
mining activities also take place. The interested mining company is Greenland Minerals and 
Energy Ltd. (GMEL) with its head office in Perth, Australia, which plans to start construction 
work in 2013 and to initiate production in 2015. 

A very critical point for environmental hazards in this project is the tailing's management. 
According to current considerations GMEL favour tailings disposal in the nearby natural lake 
Taseq (GMEL 2009). Following an extensive study Rise (1990) concluded that the outlet 
from contaminated water from Taseq would cause pollution of the whole fluvial system (from 
the lake, via rivers, into the ocean) with radioactive substances, fluorine and heavy metals. It 
is very doubtful if waste water treatment installations at the outlet of the lake are capable to 
manage the large amounts of water particularly in times of heavy rain or snow melting. 

The extensive work on the Kvanefleld deposit (the results of which were published by Rise in 
1990) was conducted by Danish authorities and scientists up to the early 1980s and also 
form the basis of the GMEL planning activities (GMEL 2010c). This work was carried out with 
the focus of mining uranium only and provides very detailed considerations and analysis 
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results concerning environmental impacts. Beside the tailings impoundment it identified the 
open pit and the waste dump as the most important sources of pollution. In the long term 
(> 100 years) the tailings pond will be the most critical point. Riso (1990) compared two 
options: the direct inlet of the tailings into the sea and the tailings disposal in the nearby 
natural lake Taseq (see above). The latter was considered even worse in terms of 
environmental impacts than the direct inlet into the ocean. 

Though waste disposal in oceans was frequently practised in the past, the procedure is not 
acceptable at all either. Equally, inlet of toxic tailings into natural water bodies has to be 
banned completely and does not meet any environmental standards. The situation in 
Greenland seems particularly critical when considering the fact that the expected climate 
change - it is linked to melting of glaciers and unfreezing of permafrost soils - might alter 
water bodies and the stability of soils considerably. 

The next paragraph gives a short overview of the planned technologies for the GMEL- 
Kvanefjeld project and the progress of the (pre-)feasibility studies and approval issues: 

Mining shall be carried out in a conventional open pit followed by uranium extraction with the 
Carbonate Pressure Leach- (CPL-) technology. The CPL-residue can then be processed and 
the REO concentrated by froth flotation, leached with acid and then refined to produce rare- 
earth-carbonate. The nominal forecast annual production amounts to approx. 44 000 t REO 
and nearly 4 000 t of uranium oxide; the overall plant recovery rates are 34 % and 84 %, 
respectively (GMEL 2009). 

In December 2009 and February 2010 GMEL presented the Interim Reports of the Pre- 
feasibility Study (GMEL 2010c, GMEL 2009). As the Greenland government has recently 
relaxed restrictions on uranium deposits, the company now envisages the realisation of a 
definitive feasibility study (WNN 2010). According to the same article the Greenland govern- 
ment has stressed that although radioactive elements may now be surveyed, their extraction 
is still not permitted. However, a comprehensive review process into the exploration and 
exploitation of the radioactive materials was announced by the Ministry for Industry and Raw 
Materials. In this context, the cooperation agreement between the government of Greenland 
and the European Environment Agency on environmental issues signed in November 2010 
(EEA 2010) might lead to an exchange of expertise and contribute to a sustainable course of 
action concerning the Kvanefjeld deposit and mining activities in Greenland in general. 

7.5 Resource efficiency 

The specific environmental burden of mined and processed rare earths could be reduced 
significantly by higher efficiencies in all stages of the production. The first losses occur in the 
mining process when the cut-off grade is chosen too high. This means that minerals with 
lower REO-contents are not further processed. The cut-off grade is site-specific as it 
depends on the kind of minerals and its properties in the concentration process. 
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The next losses arise in the concentration process. The mines show quite different recovery 
rates (ratio between REO output and REO input of the concentration plant). The Mountain 
pass concentration plant shall operate with a high recovery rate of about 90 % due to a very 
fine grinding of the minerals. Lynas states that the plant at Mt Weld will have a recovery rate 
of 63 %. The recovery of Chinese mines is reported to have been very low in the past. 
Currently, they range from 40 to 60 % for flotation and about 75 % for the in-situ leaching 
method (see Chapter 7.3.3 to 7.3.5). However, a site-specific analysis is necessary in order 
to assess in detail if higher recovery rates are possible and improve the overall performance 
of the plant. 

Further losses arise in all stages of further refining and processing. They are also plant- 
specific. 

The Chinese government is aware of the high potential of higher efficiencies as described in 
Chapter 7.3.7. Further aspects concerning the efficiency of rare earths used in different fields 
of applications is discussed in Chapter 10. 
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Conclusion on environmental aspects of rare earth mining and processing 

The rare earth mining shows high environmental risks. The main risks are the tailings, 
which are a mixture of small-size particles, waste water and flotation chemicals and arise 
at the concentration of the mined ore. They are stored in impoundment areas. The tailing 
dam is exposed to manifold risks such as overtopping due to storm water, poor 
construction or seismic events. A failing dam leads to site-specific emissions such as 
thorium, uranium, heavy metals and fluorides. Generally, most rare earth deposits 
contain radioactive materials which Impose the risk of radioactive dust and water 
emissions. Further potential damages are other air emissions, soil contamination, land 
use, etc. 

There are serious environmental damages In the Chinese rare earth mines and their j 

surroundings. The Chinese government intends to reduce the environmental harm by j 

installing environmental technologies in the targe mines and by reducing the numerous | 

small illegal mines which probably have no environmental technologies at all. China also j 

aims at higher efficiencies in mining and processing and is running some research ] 

projects on a sustainable rare earth economy. j 

The most advanced mines outside of China at the Mountain Pass in the United States j 

and at Ml Weld in Australia will provide environmental protection systems, which will | 

significantly reduce the environmental damage compared to old outdated techniques, if j 

the management and the monitoring are conducted responsibly by the authorities and the i 

operators. | 

However, the global pressure for a steady rare earth supply might lead to further new ( 

mines outside of China with inacceptable environmental standards. One example of j 

potential concern about environmental damage is the plan for joint mining of uranium and ’ 

rare earths in Greenland. The interested mining company intends to store the tailings in a 
natural lake with connection to maritime waters. 
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8 Applications and demand of rare earths 

8.1 Overview of applications and their demand in 2008 

Figure 16 shows the main application fields and the range of global demand estimates for the 
years 2006 to 2008 by volume in t REO/a. The total demand was around 124 000 t REO in 
2008 (Kingsnorth2010). 
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Figure 16 Global demand of rare earths by volume from 2006 to 2008, in t REO per year 


The data in Figure 16 are compiled from various data sources such as the Australian 
consultant Kingsnorth from IMCOA, the mining company Great Western Minerals Group and 
the German Federal Institute for Geosciences and Natural Resources (Kingsnorth 2010, 
GWMG 2010b, BGR 2009). They refer, depending on the source, either to the year 2006, or 
to the year 2008. Ail these estimates do not include published documentation, which would 
enable more in-depth analysis and a plausibility check. Furthermore, all above-listed demand 
estimates and further estimations of the USGS for the US market refer to the demand 
estimates carried out by Kingsnorth from IMCOA. Up to now, larger research institutions and 
public bodies have not set up more detailed material flow analysis for rare earths, as has 
been elaborated for other metals. Such an analysis could provide more in-depth knowledge 
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of the related application, but it requires a lot of manpower and the cooperation of experts 
from all sectors. This is especially true for rare earths, as they are used in many fields of 
high-tech applications and partly underlie confidentiality issues. 


Figure 17 shows the same data as the previous figure and gives additional information on the 
used REE and specifies the kind of applications in more depth. The figure encompasses the 
different rare earths. The elements shown in a smaller font size play a minor role in 
comparison to the other elements shown in the figure. 



Figure 1 7 Global applications of rare earth elements (compiled by Oko-lnstitut) 


The next figure shows the rare earth demand in terms of economic value according to 
Kingsnorth (2010). Due to significant differences in the used rare earth elements and the 
specific prices for the different applications, the demand distribution paints a somewhat 
different picture. 
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Figure 18 Global demand of rare earths in terms of economic value in 2008 according to Kingsnorth 

( 2010 ) 

Figure 18 shows that the most relevant fields of application economically are magnets and 
phosphors. For phosphors, expensive REE such as europium and terbium are used. For 
magnets, mainly neodymium and praseodymium (medium price) and dysprosium and 
terbium (high prices) are used. The applications glass, polishing, ceramics and catalysts are 
relevant in terms of their volume but less relevant in terms of their value. The main reason for 
this is that the cheaper REE cerium and lanthanum are used very frequently for these 
applications. 
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The demand for rare earths in China in 2008 is shown in Figure 19. 
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Figure 19 Demand of rare earths per volume in China in t RED in 2008 (Chen 2010) 


Figure 19 indicates a higher share of permanent magnets for Chinese applications (30 %) in 
comparison to the estimated global demand (20 %, see Figure 16). A significant share of the 
Chinese permanent magnet is probably exported, as China is the only country worldwide 
which masters the whole magnet product chain as shown in Figure 10 on page 33. 

Chen (2010) provides detailed information on the Chinese applications in 2007 and 2008. 
They are presented in Table 8-1. Furthermore, Chen points out that the consumption of rare 
earths in China has rapidly increased since 2004. 
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Table 8-1 Application of rare earths in China in 2007 and 2008 (Chen 2010) 


r 

Technology 

2007 

2008 

A2008/2007 

t 

% 

t 

% 

% 

Traditional 

materials 

Metallurgy/Machinery 

10 994 

15.2% 

10 370 

15.3% 

-5.7% 

Petroleum 

Refining/chemistry 

7 548 

10.4% 

7 520 

11.1% 

-0.4% 

Glass/ ceramics 

7 872 

10.9% 

7 160 

10.6% 

-9.0% 

Agricultural, light 
industry and textile 
products 

7 686 

10.6% 

7 120 

10.5% 

-7.4% 

sub-total 

34 100 

47% 

32 170 

48% 

-5.7% 

Advanced 

materials 

Luminescence 

4 490 

6.2% 

2 870 

4.2% 

-36.1% 

Phosphors 

2 800 

3.9% 

3 500 

5.2% 

25.0% 

Permanent magnets 

22 250 

30.7% 

20 100 

29.7% 

-9.7% 

Storage and transport of 
Hydrogen, batteries 

6 200 

8.5% 

6 160 

9.1% 

-0.6% 

Catalysts 

2 710 

3.7% 

2 880 

4,3% 

6.3% 

sub-total 

38 450 

53% 

35 510 

52% 

-7.6% 

Total 

72 550 

100% 

67 680 

100% 

-6.7% 


The specific appiication fieids are further described in the next chapters, and forecasts for 
their deveiopment are given, 

8.2 Magnets 

Rare earths are part of neodymium-iron-boron magnets (short forms: neodymium magnets, 
Nd-magnets) and samarium cobait magnets. Both belong to the group of permanent 
magnets. The samarium cobalt magnets play only a minor role, as they were in many cases 
replaced by the more powerful neodymium magnets. Neodymium magnets are the strongest 
available magnets and exceed other permanent magnets such as samarium cobalt magnets 
by the factor 2,5 and other aluminium and iron based magnets by the factor 7 - 12, In ferrite 
magnets, small shares of lanthanum are included. These permanent magnets have low 
magnetic properties, but they are cheap, light, easy to magnetise and widely disseminated. 
The strong neodymium magnets enabled the design of miniaturised application of electric 
devices such as small speakers (ear phones) and hard disks. Two further large fields of 
application are electric motors used in hybrid electric vehicles (HEVs), plug-in hybrid electric 
vehicles (PHEVs), electric vehicles (EVs)'’ and generators of wind turbines. Additionally, 


11 


Hybrid electric vehicles (HEVs) combine an internal combustion engine and one or more electric motors, 
whereas electric vehicles (EV) run exclusively with one or more electric motors. A plug-in hybrid electric 
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neodymium magnets are used for industrial equipment such as lifters or magnetic 
separators, A new application which might be implemented on a larger scale in the years 
from 2015 is the magnetic cooling. 

The share of magnets of the total rare earth application is around 20 % in terms of the global 
volume. The share of value is higher at around 37 %. The basic chemical formula of Nd- 
magnetic material is Nd 2 Fei 4 B, which comprises a mix of neodymium and praseodymium 
(~ 30 %) and mostly the additives dysprosium (~ 3 %) and terbium in even lower contents. 
Neodymium and praseodymium belong to the rare earths which have a medium price, 
whereas dysprosium and terbium are very expensive elements (for details on prices, see 
Chapter 6.3). 

Technical details on the applications motors, wind turbines and hard disks are given in 
Chapter 10.2 and Chapter 11.1, where recycling aspects, options for a substitution and 
options for a more efficient use of the REE are discussed. The next chapters analyse the 
main factors influencing the development of the future demand. 

The future demand for permanent magnets is significantly determined by the three 
applications electric motors for hybrid and electric vehicles, wind turbines and hard disks. 
The following chapters analyse the expected development of the main application fields. 

8.2.1 Electric and hybrid electric vehicles 

The demand development of Nd-magnets in the field of e-mobility depends on three main 
drivers: 


• the future production of hybrid electric (HEV), plug-in electric vehicles (PHEV) and 
electric vehicles (EV), 

■ the future production of electric bikes, 

• the future motor technology and the share of motors using Nd-magnets in EV, HEV and 
PHEV and 

■ the specific neodymium magnets demand per electric motor. 

Byron Capital Markets (2010) makes a forecast which includes the major producers of HEVs 
(Toyota, Chevy, Nissan, Ford and Honda) and e-bikes. E-bikes are already used in large 
quantities in China. An average annual growth rate of 50 % is estimated. Despite this high 
growth rate, Byron Capital Markets (2010) only calculates a moderate overall demand in 


vehicle (PHEVs) is a hybrid vehicle with rechargeable batteries, which can be plugged to an external electric 
power source for charging. 
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terms of HEVs even in 2015, because the assumed specific rare earth content of the electric 
motors is much lower in Byron's scenario than in scenarios of other experts. Byron assumes 
a demand of 193 g Nd per motor’^, whereas other experts expect up to 1.8 kg neodymium for 
the electric motor of the Toyota Prius. This means a difference in the baseline of a factor of 
101 

Another uncertainty is the estimation of the number of hybrid electric vehicles. The number of 
hybrid electric vehicles to be sold is estimated by Byron Capital Markets to be 1.2 million 
HEVs and EVs in 2014; and to be 2.1 million by Iwatani (cited in Oakdene Hollins 2010). 
Optimistic scenarios by lEA (2009) and Fraunhofer ISI (2009) forecast 9 to 14 million sold 
HEVand EV for 2015. 

Oko-lnstitut carried out an analysis of different scenarios for the development of e-mobility 
from different institutions (lEA 2009, Fraunhofer ISI 2009, McKinsey 2010, BCG 2009). The 
analysis revealed that the range of future scenarios is quite high. The projections for the year 
2020 lie within the range of 9 to 33 million HEVs, EVs and PEVs sold in 2020. Electric 
vehicles are supposed to play a minor role up to 2015. 

The annual sales of e-bikes are estimated by lEA (2009) to be more that 10 million. Byron 
Capital Markets (2010) estimates for 2010 and 2014 annual sales of 25 and 33 million e- 
bikes, mainly in China. Recent information delivered from Chinese experts to Oko-lnstitut 
confirms a current range of 20 - 25 million units for the annual production of e-bikes in 
China. 

The main conclusion from these explanations is that the demand estimations for the rare 
earths in EV and HEV should be handled with caution, as there is a very high uncertainty in 
the economic development of the electric and hybrid electric vehicles market and the 
embedded technologies (type of motor, specific Nd-demand per motor, etc.). Two different 
scenarios outline the wide range of forecasts for the resulting Nd-demand: Byron forecasts 
an Nd-oxide demand of around 1 200 t in 2015. Oakdene Hollins (2010) calculate on the 
basis of the three projections developed by McKinsey (2009) and the assumption of 1 kg Nd 
per motor, the resulting Nd-oxide-requirement ranges from only 875 t in 2020 for a scenario 
with very slow growth of hybrid electric vehicles (only ~ 1 million HEV/EV in 2020) up to 
23 000 t Nd-oxide demand in 2020 in a scenario with very high growth rates (~ 20 million 
HEV/EV in 2020). There is an additional uncertainty on the used motor technologies. The 
presented scenarios on the Nd-demand of future electric and hybrid electric vehicles assume 
that the motors are using permanent magnets. It is not considered that there are several 


Byron Capital Markets assumes the use of sintered magnets of 650 g for a 55 kW motor, containing 193 g Nd 
and 24 g of Dy. According to Oakdene Hollins (2010), Lifton estimates 1 kg of Nd in the electric Prius motor, 
whereas Kingsnorth even estimates that 1 .9 kg of Nd is required in the electric Prius motor. Angerer et ai 
(2009) estimate the Nd-demand of 0.5 - 1 kg per hybrid electric vehicle. 
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options for motors without rare earths which are also favoured by manufacturers (see 
discussion in Chapter 10.2.1). 

Nevertheless the e-mobility sector will be a driving force in terms of the demand growth of 
permanent magnets and rare earths like neodymium. 

8.2.2 Wind turbines 

Wind turbines are an important driver for the Nd-magnet demand. There are three different 
technologies for wind turbines and only one of them uses the Nd-magnets. All three systems 
are available on the market. The market share of current sales is estimated at 14% for 
turbines with Nd-magnets (Fairley 2010). They work without gear, which makes them robust 
and a good candidate for off-shore applications. However, it is not clear how their market 
share will increase; different forecasts show a wider range (Oakdene Hollins 2010, Fairley 
2010). Furthermore, a new technology based on high temperature superconductor (HTS) 
rotors is under research and development. In the superconductor material (Fischer 2010) 
there is no neodymium; instead yttrium is used. The possible substitution of wind turbines 
with Nd-magnets by the alternative generator systems is discussed further in Chapter 10.2.3. 
Besides the market shares of the different technologies for the turbines, the global growth 
rate of wind turbines is a crucial driver. Figure 20 shows the current global capacity of wind 
power to be 1 75 GW in total. 
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Figure 20 Global wind power capacities in June 201 0 (WWEA 2010b) 


Figure 21 presents the newly installed capacities in the first half of 2010. it shows 
convincingly that currently almost half of the new capacities are implemented in China. 
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Figure 21 Newly installed wind power capacity in the first half of 201 0 (WWEA 201 Ob) 


The Chinese wind power is expected to continue to grow tremendously. The Chinese wind 
power capacity increased by almost 8 GW from the end of 2009 up to June 2010, 
corresponding to an increase of 30 % within half a year. According to Lifton (2010b) China 
plans to increase its wind power capacity dramatically up to 330 GW in 2020. This is the ten- 
fold capacity in relation to the current Chinese installations. In 2008 and 2009, the global 
newly installed capacities amounted to 27 GW and 38 GW, respectively (WWEA 2010a). 

The calculated demand for the rare earths of different authors varies strongly due to different 
estimates of: 

■ the growth rates of installed wind power, 

■ the share of geariess turbines with neodymium magnets and 

■ neodymium, praseodymium, dysprosium und terbium required per kg of installed 
power. 


These differences are described here in brief: 


• High growth rates of newly installed global wind power capacities are part of different 
scenarios. For example, the forecast of Byron Capital Markets (2010) assumes high 
global growth rates of around 29 % yearly, Oakdene Hollins (2010) estimates an annua! 
growth rate of newly installed wind power capacities of 22 % up to 2020. The 
corresponding forecasted total installed capacities in 2014 amount to 560 GW and 465 



253 


)Dlco-lnstftut eV. 

!niiitv> fw o«a»-onJi* fiVdoai* 


71 


Study on Rare Earths and Their Recycling 


GW, respectively. Thus, a tremendous increase in comparison to the global capacity of 
1 75 GW in June 201 0 is foreoasted. 

• Byron Capital Markets estimates that 20 % of the turbines will be installed with 
permanent magnet-equipped generators, though it supposes that this figure is likely to be 
too high. Oakdene Hollins assumes a gearless oontribution of 10 % up to 2014 and 20 % 
from 2015 onwards. 

■ There are different data on how muoh neodymium is necessary per installed MW 
electricity of the turbine. Litton (2010b) estimates 667 kg neodymium-magnets per MW 
electricity, whereas the exploration company Avalon assumes 400 kg of neodymium 
magnet embedded per MW electricity (cited in Oakdene Hollins 2010). 


The World Wind Energy Association counts the new installations in 2008 at 27 GW. 
Assuming a share of 14 % for gearless turbines with Nd-magnets and an average 
consumption of 400 kg Nd-magnet per MW electricity, the total Nd-demand in 2008 would 
have been about 450 t Nd and about 570 Nd-oxide, respectively. 

Based on the forecast by Oakdene Hollins (2010), the Nd-demand for wind turbines is 
oaloulated as 1 200 t/a REO up to 2014 and 4 200 t/a REO from 2015 onwards. 
Summarizing the explanations above, it is to point out that it is currently not olear whioh 
direotion the technology development will aotually take. Therefore, for the wind turbines as 
well as for the electric vehicles, the forecasts should be taken into account with care, as 
there is a high uncertainty of the implementation of future techniques, 

8.2.3 Hard disks and electronic components with Nd-magnets 

According to the Japanese company Shin-Etsu (cited in Oakdene Hollins 2010) around a 
third of the Nd-magnets are used in hard disk devices. Oko-lnstitut estimates that around 
1 700 t Nd (corresponds to 2 150 t Nd-oxide) were embedded in hard disks in PCs including 
laptops which were sold in 2008”. Here, some degree of substitution by the SSD technology 
which is described in Chapter 10.3 is expected. However, it is also expected that the 
substitution will occur gradually and will probably not affect all hard disk devices. 

Furthermore, Shin-Etsu (cited in Oakdene Hollins 2010) estimates that about further 10 % of 
all neodymium magnets are embedded in optical and acoustic applications. 

The future demand development of the permanent magnets in hard disks is probably almost 
linear to the sales of computers. The annual global growth of personal computers and 
particularly laptops is high. The market research institution Gartner forecasts a growth rate of 
16 % for 2011 (Gartner 2010). 


13 


Calculation based on 291 miliion computer sales in 2008 and measurements by A. Manhart at Oko-lnstitut of 
magnets from hard disks (22 g per magnet, corresponding at 5.9 g Nd per hard disks for Nd-share of 27 %). 
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The future demand development of permanent magnets in optical and acoustic devices is 
probably similar to the sales of electronic goods. Average growth rates in the electronics 
sector are estimated at 5 % for the period from 2010 to 2013 by the industry research firm 
RNCOS (Daily News 2010). 

These figures imply that the demand of the applications hard disks and other electronics 
should not be underestimated, even if the possible growth rates for wind turbines and electric 
and hybrid electric cars might be higher. 

8.2.4 Magnetic cooling 

A new technology which is currently under development is the magnetic cooling. It is based 
on the magneto-caloric effect phenomenon, in which a reversible change in the temperature 
of magnetic materials occurs in the magnetisation/demagnetisation process. The technology 
promises high energy savings of 50 - 60 % in comparison to the traditional compression 
refrigerating machines (EEC 2010, Katter 2010, Jiang 2008). Possible applications are 
refrigerators in household and commercial appliances, industrial cooling, heat pumps and air- 
conditioning systems. 

The European Union is currently supporting the research project SSEEC (Solid State Energy 
Efficient Cooling) in which several prototypes for air-conditioning are constructed. The aim is 
to develop magnetic cooling devices which are suitable for industrial use by the end of 201 1 
(Katter 2010). 

Rare earths are needed for these devices for both the magnetic source and the refrigerant. 
As a magnetic source, the neodymium magnets are the best option (Katter 2010). BGS 
(2010) reports in addition that gadolinium is a suitable refrigerant. Research has been carried 
out in China on magnetic refrigerants based on gadolinium-silicon-germanium materials 
(Jiang 2008). 

Katter (2010) of the German company Vacuumschmelze, which is a relevant permanent 
magnet producer, expects that it might take some years until magnetic cooling will achieve 
economical relevance. He identifies the high costs for the magneto-caloric materials and the 
high amount of Nd-magnets required for magnetic refrigeration as a major barrier to a wide 
dissemination. With approx, 200 million cooling machines being sold worldwide each year, it 
is to be assumed that the magnetic cooling will require a significant amount of rare earths if 
the magnetic cooling technology is to be widely disseminated. 
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Higher energy efficiency compared to compression refrigerating machines 


No mechanical wear 


Quiet 


No use of greenhouse gases 


Compact construction with high energy density 


Figure 22 


Expected advantages of magnetic cooiing 


8.2.5 Compilation of forecasts for the field of Nd-magnets 

The analysis of a number of forecasts for the demand of rare earths in magnets shows a 
wide range as well as high uncertainty. The next table compiles the forecasts mentioned 
above in order to enable a general overview. Apart from the forecasts already mentioned, it 
includes an overall estimation by Fraunhofer Institut fur System- und Innovationsforschung 
iSI & institut fOr Zukunftsstudien und Technologiebewertung IZT (Angerer et al 2009) on the 
total Nd-oxide demand for permanent magnets in 2030, They estimate a demand of 21 000 - 
35 200 t neodymium-oxide resulting from average global growth rates of between 7.5 % and 
10 %. Thereby, their demand project is based on a significant lower estimate of the demand 
in 2006 (around 5 000 t Nd-oxide) than Kingsnorth (2010). 
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Table 8-2 Compilation of estimates for the demand of magnet applications (in t/a) 


Estimates / scenarios 


Nd-Oxide Demand 

REO Demand 

Total of all 

magnet 

applications 


Indicated 

year 

Hybrid and 

electric 

vehicles 

wind 

turbines 

har^ disk 
^PC 

Fraunhofer IS! 

Demand in 2006 

2006 




5 000 

6ko-fnstltut 

Hard Disks in PCs 

2008 



2 100 


Chen: Chinese demand 

2008 




20 100 (China) 

Ktngsnorth / IMCOA 

Demand in 2008 

2008 




26 250 (global) 

Byron Capital Markets 

(2.2mitiionHEV and 33Mlo, 
e-bikes) 

2014 

1 029 




Oakdene Hollins: 

Forecast for wind turbines 

2010-14 


1 200 



Kingsnorth / IMCOA 

Demand in 2014 

2014 




38 000 - 42 000 

(global) 

Oakdene Hollins; 

Forecast for wind turbines 

2015-20 


4 200 



Oakdene Hollins forecast 
based on McKinsey 
scenarios 

(very low growth rate of 
electric cars) 

~ 1 million HEV 

2020 

875 




Oakdene Hollins forecast 
based on McKinsey 
scenarios 

(high growth rate of 
electric cars) 

~ 20 million HEV 

2020 

23 000 

1 




Fraunhofer IS! 
Demand in 2030 


2030 


20 000-35 200 
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This summary shows a significant gap between the high demand estimates by the Austra- 
lian expert Kingsnorth (2010) and the Chinese expert Chen (2010) on the one hand and the 
sectoral analyses on the other hand. The sectoral analyses indicate a comparably low share 
of the wind turbines, a comparably low contribution from hybrid and electric vehicles (apart 
from the 2020 scenario by McKinsey, which assumes that hybrid electric vehicles will 
dominate the fleet) and a comparably low contribution from hard disks in computers. 

The high Chinese demand estimate for 2008 compared to the global demand estimate for 
the same year provided in Kingsnorth (2010) is plausible, as China is the main magnet 
producer and produced not only for the domestic market but also for the export. 

The comparison of the total demand estimates and the sectoral analysis might indicate 
higher shares of many magnet applications in other fields such as industrial equipment (e.g. 
lifters or magnetic separators), electronics, medical advices and other motor applications. 
One further aspect which is probably not considered in the sectoral analyses is the high loss 
of material in the magnet production. This issue is discussed in Chapter 10.2, which analyses 
options for a more efficient use of rare earths. 

The situation regarding data uncertainty clearly shows that there is an obvious need for more 
reliable information. Precise analyses and reliable demand forecasts require a compre- 
hensive material flow analysis to be undertaken by a research group with independent 
experts from all relevant application fields who have additional know-how of the specific 
national features. 

8.3 Phosphors and luminescence 

Almost all future energy saving lighting and display technologies, such as compact fluores- 
cent lamps (CFL), fluorescent tubes, LEDs, OLEDs, EL foils, plasma displays and LCDs 
require the use of rare earths as phosphors, providing a high energy efficiency and high 
colour quality. In the past, many chemical elements and compounds are being studied for 
their use in luminescence. Among the substances being analysed, rare earths in particular 
seem to be most promising in terms of their high colour quality and good energy efficiency. It 
seems very unlikely that this performance will be achieved without the use of rare earths 
from the current perspective. 

Thereby, the REE europium, samarium, terbium, cerium, erbium, dysprosium, thulium, 
gadolinium, and lutetium play a role as activators. The matrix or host lattices partly contain 
REE like yttrium, lanthanum or cerium. 

The share of phosphors and luminescence in total rare earth application is around 7 % 
worldwide and around 9 % in China, in terms of volume. However, the share in terms of 
economic value is much higher at around 32 % according to the estimate provided in 
Kingsnorth (2010). One reason for the high value of the phosphors is the high price of 
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europium and terbium, which both cost more than 700 US $/kg (see details on prices in 
Chapter 6,3) in November 2010. 

Lynas (2010a) estimates that around 84 % of the phosphors are globally used for lighting, 
around 12 % for LCD and around 4 % for plasma displays. Hereby, 74 % are estimated to be 
used for red light, 25 % for green light and 0.5 % for blue light. 

Informative figures are given on the relevance of europium and terbium in lighting appliances 
for the total demand of these elements by NEDO (2009). NEDO (2009) estimates that Japan 
is the world's leading consumer of terbium and europium with around 70 to 80 % of demand 
generated by the need for fluorescent powder. 

The growth of rare earth consumption in the sector of lighting is determined by following 
parameters; 


■ The global overall growth including all types of lighting is estimated at 7 % per year by 
Philips (2008) for the years 2004 to 2011. 

■ incandescent bulbs are going to be phased out due to their high energy demand. For 
example, the European Union, Australia, Canada and the United States banned the 
sale of incandescent bulbs in the years ahead in accordance with national law 
(Jaspersen McKeown 2008, DOE 2010). They will be replaced by other lighting 
systems, mainly by compact fluorescent lamps (CFL) and halogen lamps. Besides 
these types, there are numerous other lighting systems. Most of the energy efficient 
lighting systems include phosphors based on rare earths. 

■ Currently LEDs which also contain rare earths still play a minor role in lighting with a 
market share of 2.4 % in 2008. The main current uses were decorative effect lighting 
and orientation light; they are also starting to replace other lighting systems, e.g. 
automobile headlights. However, their development is progressing rapidly, and wider 
uses at very high efficiencies are to expect, particularly if the current comparably high 
prices begin to decrease. Trendforce (2010) assumes a growth rate of 32% from 
2008 to 201 3 with a market share of about 8 % in 201 3. 

■ Cathode-ray tubes which were used formerly on a large scale in TV sets and monitors 
are currently replaced by plasma displays and LCDs. Both techniques use rare 
earths. In 2008, around 130 million television sets with plasma and LCD displays 
were sold (DisplaySearch 2010). DisplaySearch (2010) forecasts an increase to 
approx. 280 million in 2014. This corresponds to an annual growth rate of 14 %. 


These different aspects highlight that a considerable growth rate for energy efficient lighting 
systems with rare earth elements is to be expected. Kingsnorth (2010) assumes an annual 
growth rate of 4 - 6 % between 2008 and 2014. It is possible that this projected growth rate 
is too low and that higher growth rates will occur. 
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More technical details are given in Chapter 10.5 and Chapter 11.3, in which recycling 
aspects and options for a substitution of the REE are discussed. 

8.4 Metal alloys / batteries 

This application field comprises various uses which are summarised below (BGS 2010): 


■ One of the oldest applications is the use of cerium and lanthanum in pyrophoric alloys 
which are used in flint ignition devices for lighters and torches. 

■ Mischmetal and cerium are used as minor alloys for casting of steel and iron. They 
improve the stability of the casted product. 

■ REE (Y, La, Ce) which are added to heat-resistant superalloys can dramatically improve 
their performance. 

■ REE are used for the solid state storage of hydrogen where a metallic matrix of different 
metals absorbs a large amount of hydrogen at room temperature. This procedure is 
better than storage as cryogenic liquid or compressed gas in terms of safety, volume and 
energy saving. 

■ REE are used in Ni-MH batteries which in turn are used in hybrid electric vehicles (e.g. 
Toyota Prius) and portable appliances. 

■ Scandium-aluminium alloys are a suitable material for light weight construction. Due to 
the limited availability, it is mainly used in military aviation and not disseminated in civil 
aviation, Angerer et al (2009) estimate the current scandium supply at 5 t per year and 
report a new Australian mining project with the production target of 200 1 scandium oxide, 

• A new technology still under development is the solid oxide fuel cell (SOFC) which is 
regarded as the most promising fuel cell technology. Yttrium is contained in the 
electrolyte, and electrodes with mischmetal containing rare earths might improve their 
performance and reduce their costs (BGS 2010). There is also research on fuel cells for 
electric vehicles which could operate without the expensive platinum or palladium 
catalysts. The research also explores the incorporation of mischmetal containing rare 
earths in this context (BGS 2010). 

The share of the global applications of metal alloys and batteries in the total rare earth 
demand is around 18 % in terms of volume. The global share of economical value is lower at 
around 14 %. Figure 19 on China shows a higher share of volume for H 2 -storage (9 %) and 
for metallurgy (15 %). In this data the use of rare earths in Ni-MH batteries is integrated in 
the data for H 2 -storage, 
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8.4.1 Ni-MH batteries 

Ni-MH batteries are used in hybrid electric vehicles and in portable appliances. Besides 
nickel and cobalt, they contain a mix of lanthanum, cerium, neodymium and praseodymium. 
This mix is also called “mischmetal”. 

Pillot (2009) estimates that in 2009 the hybrid electric vehicles already had a larger share 
(57 %) in the total Ni-MH battery market in terms of value than the other applications (43 %). 
Since the HEV market is nascent, it could be expected that the demand for Ni-MH batteries 
w/ill be dominated by the development of the HEV market in the years ahead. The resulting 
rare earth demand depends on several factors: 

■ The specific rare earth demand for a Ni-MH battery. 

■ The growth rate of hybrid electric vehicle market, 

■ The applied battery system is of high relevance as the alternative battery system - Li-ion 
batteries - use currently no or just small amounts of rare earths. 


The analysis conducted by Oko-lnstitut on the basic assumptions of published forecasts 
(Oakdene Hollins 2010, Kingsnorth 2010, GWMG 2010b, BGR 2009, BGS 2010, Lynas 
2009) shows that the demand for rare earths arising for Ni-MH batteries in hybrid electric 
vehicles is widely overestimated in literature and information distributed on the internet. 
These overestimates are based on assumptions regarding the rare earth content of the 
Toyota Prius battery. Former estimates provided by Lifton (cited in Oakdene Hollins 2010) 
and Kingsnorth (2008) range from 10 to 15 kg of lanthanum for one Prius battery. Latest data 
from Oko-lnstitut (Buchert 2010) base on a life cycle assessment for Ni-MH batteries for 
hybrid electric vehicles based on data from Toyota. These data indicate that the battery of 
Prius II has a REO content of 2.9 kg per battery'"'. This implies an overestimate by the factor 
4 in most published forecasts. 

The growth rate for the sales of HEVs has already been discussed in Chapter 8.2.1, which 
analysed the rare earth demand of motors of HEV. The figures there illustrated the wide 
range of different scenarios based on technical, economical and political developments in the 
field of e-mobility in the years ahead. 

The share of Ni-MH batteries in terms of the total hybrid electric vehicle batteries is currently 
very high because the market is dominated by the Toyota Prius, which is equipped with a Ni- 
MH battery. In 2008, the Prius had a market share of HEVs amounting to approx. 83 %. 
However, in the long term, Li-ion batteries will replace Ni-MH batteries due to several 
advantages described in Chapter 10.5, where the substitution of rare earth elements is 
analysed. Other manufactures will start producing HEVs with Li-ion batteries and Toyota 


The Prius battery has a weight of 35 kg and a share of 7 % of the rare metals. This makes a weight of 2.45 kg 
rare earth per car battery (corresponding to 2.9 kg REO). 
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announced that it will launch a newly developed Prius hybrid minivan with a lithium battery in 
2011 (Reuters 2010b). The large Chinese market for e-bikes mainly operates with lead 
batteries. 

8.4.2 Other appliances 

'here are no forecasts for the future growth of other applications such as pyrophoric alloys, 
illoys for casting, metallic super alloys and the solid state storage of hydrogen. It is to be 
issumed that the growth rates will not be smaller than the growth rates of the steel industry. 
Is growth is estimated at 5.3 % for 201 1 (Worldsteel 2010). 

8.4.3 Overall forecast 

Kingsnorth (2010) estimates a rare earth demand in the field of metal alloys and batteries of 
43 - 47 000 t REO in 2014, compared to a demand of 22 500 t REO in 2008. The average 
growth rate is given as between 15 % and 20 %. Possibly, this forecast and other demand 
analyses (Oakdene Hollins 2010, GWMG 2010b, BGR 2009 and Lynas 2010) contain 
overestimations due to the specific rare earth demand of Ni-MH batteries being set too high. 

8.5 Catalysts 

The rare earths cerium and lanthanum are widely used for catalysts. Cerium compounds are 
used in automotive catalysts and as diesel additives in order to improve a clean combustion. 
Lanthanum and cerium are important in the petroleum refining as fluid cracking catalysts 
(FCC). Further applications are used in chemical processing. The demand for rare earth as 
catalysts contributes to the total rare earth demand, constituting 20 % in terms of volume 
according to estimates of Kingsnorth (2009). Relatively low prices of lanthanum and cerium 
lead to a low share of value accounting for just 5 % in 2008 (Kingsnorth 2009). Nevertheless, 
these applications are highly relevant in terms of emission reduction, energy efficiency and 
the reduction of embedded precious metals (platinum, palladium and rhodium) in the 
catalysts due to an increased catalyst performance. 

For the future, a further increase in the demand could be expected as the global stock of fuel 
driven vehicles increase steadily at approximately 3 % per year. Thus, the demand for 
automotive catalysts will grow as well as the demand for petroleum. 

BBC Research (2010) forecasts an annual growth rate of 6 % for environmental catalysts. 
Kingsnorth (2010) forecasts an annual growth rate of 3 -5 % for all catalysts containing rare 
earths. Thus, he expects an increase in demand from about 25 000 t REO in 2008 to 
30-33 000 1 REO in 2014. 
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8.6 Glass, polishing and ceramics 

The group “glass, polishing and ceramics” comprises many different uses. Table 8-3 
presents the most frequent applications (BGS 2010, Avalon 2010): 

Table 8-3 Overview of main applications in the group "glass, polishing and ceramics" 


Application 

Major REE 

Polishing 




Polishing of high-quality glass surfaces 

(mirrors, television and monitors, cathode ray tubes, 

panel display, glass platters in hard disks) 

Ce 

Glass additives 


Colouring of glass 

Ce, Nd, Er 


(Ce - yellow and brown, Nd - red, Er pink) 



Decolouring of glass 

Ce 


UV-resistant glass 

Ce 


(glass bottles, sunglasses, cover of solar cells) 



Optics 

La, Gd, Pr 


(optical lenses, optical filters, coatings) 


Ceramics 




Ceramic capacitors, semiconductors and other 
components for LCD and electronics 

La, Ce, Pr, Nd 


Stabiliser for ceramic material 

Y, Ce 


High-temperature superconductors 

Y 


Pigments in ceramics 

Pr, Y, Nd 


Refractory material 

Y, Ce 


Laser 

Y 


Dental ceramics 

Ce 
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The applications described have a high share of the total rare earth demand of about 30 % in 
terms of volume according the estimate from Kingsnorth (2010). Due to the manifold use of 
quite cheap cerium, the share of economical value was much lower at 9 % (estimated from 
Kingsnorth 2010). 

Kingsnorth (2010) also gives more detailed estimates on the sectors for 2008: 


• Glass polishing 
■ Glass additives 

• Ceramics 


1 5 000 t REG (44%) 
12 000 t REO (35 %) 
7 000 t REO (21 %) 


Compared to the global demand, the consumption in China is comparably low, totaling 7 160 
t. It is likely that a high share of rare earths for these applications is used in Japan. The 
Japanese New Energy and Industrial Technology Development Organization (NEDO 2009) 
states that Japan is the world’s leading consumer of cerium, and more than the half of 
demand is for abrasives. The main uses here are flat panel display for TV sets and hard 
disks in computers. 

Angerer et al (2009) analyse an upcoming application: the use of yttrium-barium-copper- 
oxide (YBCO) as high temperature super conductor of the second generation. Associated 
advantages of this application are lower costs and a potentially higher performance. Angerer 
et al (2009) estimate that commercial use will begin around 2013/2014 and assumes that this 
application might transform the electricity industry significantly in the long term, coupled with 
an increase of the yttrium demand for this field. However, Angerer et al (2009) estimate the 
demand of super conductors for yttrium at only 75 I in 2030, which is very small compared to 
the global yttrium production of almost 9 000 1 in 2009 according to USGS (2010b). 
Cerium-doped covers of solar ceils absorb UV radiation. Thus, they prevent the darkening 
due to UV radiation and increase the lifetime of the solar cells. Since these UV wavelengths 
are not used by solar cells, their efficiency is not lowered (JDSU 2009, Messer 2009). 

The growth rates for glass polishing is supposed to be in the range of the growth rates for 
plasma and LCD displays and computers, which are around 14 and 16 %, respectively as 
discussed in Chapter 8.2 and Chapter 8.3 (DisplaySearch 2010, Gartner 2010). The growth 
rate of ceramic application might be in the range of the growth of electronics, which is 
estimated by the industry research firm RNCOS (Daily News 2010) at 5 % for 2010 - 2013. 
Kingsnorth (2010) estimates an increase in the demand of the whole application group of 
less than 5 %. Hereby, he expects almost no growth for glass additives and moderate growth 
rates for polishing and ceramics (estimates vary from 2 - 4 % to 6 - 7 %). Possibly, this is an 
underestimation of the potential demand increase triggered by the booming markets of PCs 
and flat screens for computers and TV sets. 
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8.7 Others 

The group “others” comprises many smaller uses which do not fit into the categories 
presented above. Table 8-4 presents selected applications (BGS 2010, Avalon 2010): 

T able 8-4 Overview of main applications in the group .others “ 


Application ' 

Major REE 

Pigments and paint 

Ce, Y 

(for better light resistant, higher durability, corrosion resistance) 


Defence 

Various REE 

(optics, surveillance, sonar transducer, microwave communication, 

laser, aircraft material) 


Fertilizer 

Ce, La 

(mainly in China, added to phosphate fertilizer) 


Nuclear energy 

Gd, Eu 

(neutron absorber, reactor control) 


Waste water treatment 

Ce 

(new application) 



The demand has a low share of the total rare earth demand of about 5 % in terms of volume 
(see Figure 16 and about 3 % in terms of value (Kingsnorth 2010). 

Most of the defence applications are part of the large categories which were presented in the 
chapters above, as the defence sector requires equipment such as lighting, batteries, 
motors, electronics, computers and displays. Some further specific devices are listed here 
and in more detail in BGS (2010) and GAO (2010). 

In co-operation with the United States Army Molycorp developed a portable device for 
purifying water. It further developed a material for the filtration of arsenic and other 
contaminants from process water (BGS 2010, Molycorp 2010c). Both applications require 
rare earths. In China, Sun et al (2008) analysed the use of La2B(B=Mn,Fe)Ti06 as a 
photocatalyst in the treatment of waste water containing phenol from the coal chemical 
production. 

REE containing fertilizer is mainly used in China. BGS (2010) reports on REE compounds 
which are added to calcium superphosphate to create a “rare earth phosphate fertilizer” 
containing between 0.04 and 0.16 % REE. Research has shown that this fertilizer results in 
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improved crop yields and less diseases of plants (Xiangshen et al (2006), cited in BGS 2010, 
Xu & Wang 2007). 

Kingsnorth (2010) estimates an annual increase in the demand of the whole application 
group of 3 - 7 %, thereby increasing from 7 500 t REO in 2008 up to 9 000 - 1 2 000 t REO in 
2014, 


Conclusion on applications and demand of rare earths 

The following green technologies currently use rare earths: 

■ magnets (motors for e-mobHity, wind turbines) 

• automotive catalysts • 


energy efficient lighting 


batteries for e-mobility 
industrial catalysts 


Further fields of application are: 

• metal alloys 

• glass additives 
■ electronics 


ceramics 

polishing 


In 2008, around 30 % of the global rare earth consumption was used in the glass, | 

i polishing and ceramics sectors. Around 20 % were used for permanent magnets, a j 

further 20 % for automotive and industrial catalysts, another 20 % for metal alloys and j 
batteries and around 7 % for lighting. However, larger research institutions and public j 

bodies have not established in-depth material flow analysis for rare earth, and the j 

available data are estimates from few experts. j 

I The demand for all applications is expected to grow in the short and medium term j 

j considerably. Of these applications, the highest growth rates are projected for permanent J 

I magnets (particularly for wind turbines, hybrid electric vehicles and hard disks). The 

I global demand of around 120 000 t REO in 2008 is expected to increase up to 1 70 000 - 

\ 200 000 1 in 2014. 
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9 Demand-supply balance 

The supply risk of individual rare earths is indicated by the development of the future 
demand-supply balance. Most of the available forecasts refer to the year 2014 which is also 
used as a target year within this study. 

In the following, the future demand and supply of the most relevant 11 REE are examined. 
For the group of holmium, thulium, ytterbium and lutetium, only aggregated data are 
available. Due to their limited supply (~ probably < 1 000 t/a), they are not yet significant. No 
data are given on promethium which is radioactive and therefore has only limited 
applications. Brief information is provided on scandium, which is produced in extremely low 
amounts (approx. 5 t annually), in Chapter 8.4 on page 77. A supply shortage is not to be 
expected for scandium according to the German Federal Institute for Geosciences and 
Natural Resources (BGR 2010a). 

9.1 Future supply 

The future supply depends on some key factors: 

■ development of the total Chinese REO production, 

■ development of the Chinese export quota, 

■ progress in installation works for Mountain Pass (USA) and Mt Weld (Australia), 

■ progress of other mining projects (approval, feasibility studies, construction work). 

The development of the total Chinese production and the progress of mining projects outside 
of China are discussed in the following paragraphs. The relevance of Chinese export quotas 
and the progress of the advanced mining projects Mountain Pass and Mt Weld concerning 
the demand-supply balance are further discussed in Chapter 9.3. 


Future supply by China 

The total Chinese production in 2008 and 2009 amounted to approx. 120 000 1 REO 
according to USGS (2010). Chinese data sources cited in the Explanation of Compiling of 
Entry Criterions for Rare Earth Industry 2010 specify a production of 120 800 t REO in 2007. 
In contrast, Kingsnorth (2010) estimates a legal production of 125 - 140 000 t REO in the 
years 2006 and 2008. In addition to these quantities of legal production, there are around 20 
000 t REO which were produced illegally and seem not to be included in these data. The 
comparison of these figures shows that there are no accurate data on the current situation, 
particularly due to a relevant quantity of illegal production. 

In the light of the Chinese 2009-2015 plan mentioned in Chapter 5,1.2, it is to be assumed 
that China’s rare earth industry will undergo a phase of consolidation and will not significantly 
increase their REO production. This is in accordance with Lynas (2010a) which forecasts a 
Chinese production of 114 000 t in 2014, with 110 000 t coming from primary mining and a 
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further 4 000 t coming from recycling. In contrast, Kingsnorth (2010) estimates a higher 
Chinese production of 160 - 170 000 t REO in 2014 without recycling. This constitutes a 
significant difference of 50 000 - 60 000 t REO in the forecast of the Chinese REO 
production. 

The forecasted production of rare earths from the Chinese ion adsorption deposits containing 
HREE makes for a more uniform picture. Chinese data sources (MEP 2009) specify a 
production of 45 000 t REO in 2007. Kingsnorth (2010) similarly estimates a Chinese 
production of 40 -50 000 1 REO in 2014, whereas Lynas (2010a) assumes a lower 
production of only 30 000 t REO. The main conclusion derived from these figures is that the 
Chinese HREE production will probably not rise and eventually even decrease. 


Future supply outside of China 

Table 4-3 on page 22 provides an overview of current mining activities. Despite the high 
number of intended mining projects, only two of them are sufficiently advanced to have 
obtained approval from the authorities and construction work has begun: Mountain Pass in 
California, USA and Mt Weld in Australia. The processing for the latter is located in Malaysia. 
Their nominal capacity is an output of 20 000 1 REO for each location, respectively. 
Operation shall commence in 2011 in Australia/Malaysia and in 2012 in California, It is 
uncertain whether the mineral companies will succeed in operating their plants at full load in 
a short term because the chemistry of rare earth processing and refining is very complex, 
Lynas (2010a) further assumes that India and Russia might be able to increase their 
capacities up to 12 000 t in 2014, and estimates secondary rare earths from recycling of 
almost 2000 t in 2014. 

Neither Kingsnorth (2010) nor Lynas (2010a) expect the opening of further mines with larger 
capacities until 2014, except for India and Russia. This is in accordance with Table 4-3 on 
page 22 which was compiled by Oko-lnstitut and shows that the listed mines (besides 
Mountain Pass and Mt Weld) have reached the stage of feasibility studies or drillings. From 
this point, it will take some years before mining and processing on an industrial scale can 
take place. More details on the time frames needed were presented in Chapter 4.3 on page 
20, 


Global supply forecast 

Table 9-1 presents the forecasts from Kingsnorth (2010) and Lynas (2010a) and their 
estimated production for individual rare earths. The forecast of Kingsnorth (2010) is 
supplemented by other figures from Kingsnorth which are cited in Oakdene Hollins 2010. As 
mentioned above, both forecasts assume that Mountain Pass and Mt Weld commence 
operation before 2014, and that - besides the consideration of Russian and Indian mines in 
the Lynas forecast - no other mining and processing projects will be ready for production until 
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2014. The main difference is the estimate of the future mining in China. Additionally, both 
forecasts do not include the illegally mined quantities. This is reasonable as the Chinese 
government intends to control the rare earth industry more strictly and prevent illegal mining. 
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Table 9-1 Forecasted supply in 2014 stated by Kingsnorth (2010) and Lynas (2010a) 


Company 

IMCOA/KIngsnorUi 

LYNAS 

Source 

Kingsnorth 2010, 

Lynas 201 Oa 


figures in { ) from IMCOA, cited 
in Oakdene Hollins 2010 



tREO 

tREO 

China 

C'. - 

' 

Bayan Obo Bastnasite 

80-100 000 

BO 000 

Sichuan Bastnasite 

20 - 40 000 

20 000 

Ion Adsorption Clays 

40 - 50 000 

30 000 

Monazite 

8 - 12 000 


Recycling in China 

- 

4 000 

Total China 

160-170 000 

114 000 

Outside China 


Moumain Pass 

20 000 

20 000 

Weld 

21 000 

22 000 

Nolans Bore 

0 

0 

Thor Lake 

0 

0 

Others (India & Russia) 

0 

12 000 

Recycling outside China 

0 

1 800 

Total World 

190-210 000 

169 800 


Forecast for individual elements in t REO: 


Lanthanum 

52 - 57 000 

43 400 

Cerium 

80 - 85 000 

66 600 

Terbium 

400 - 500 

330 

Dysprosium 

1 800 - 2 000 

1 700 

Yttrium 

9 - 13 000 

9 500 

Praseodymium 

(10 000) 

9 100 

Neodymium 

(33 000) 

31 200 

Samarium 

(4 000) 

3 500 

Europium 

(850) 

460 

Gadoilnium 

(3 000) 

2 300 

Erbiu m 

(1 000) 

n.d. 

Ho-Tm-Yb-Lu 

(1 300) 

n.d. 

Total 

190-210 000 

167 980 
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The difference in these forecasts mainly concern the supply of lanthanum and cerium due to 
different assumptions of the increase in production in the Chinese mines in Batou (Bayan 
Obo mine) and Sichuan, which mainly contain light rare earths. 

9.2 Future demand 

Table 9-2 presents the demand forecasts of KIngsnorth (2010) and Lynas (2010a) for the 
year 2014. 


Table 9-2 Forecasted demand in 2014 by Kingsnorth (2010) and Lynas (2010a) 



IMCOA/KDiiWoith 

LYNAS 

Source 

Kingsnorth 2010, 
figures in ( ) from IMCOA, cited 
in Oakdene & Hollins 2010 

Lynas 2010a 


tREO 

tREO 

Lanthanum 

50 - 55 000 

57 100 

Cerium 

60 - 65 000 

59 000 

Terbium 

400 - 500 

620 

Dysprosium 

1 900 - 2 300 

2 800 

Yttrium 

10-14 000 

10 700 

Praseodymium 

(7 900) 

16 100 

Neodymium 

(34 900) 

45 400 

Samarium 

(1 390) 

1 200 

Europium 

(840) 

560 

Gadoiinium 

(2 300) 

1 400 

Erbium 

(940) 

n.d. 

Ho-Tm-Yb-Lu 

(200) 

n.d. 

Total 

170 - 190 000 

194 880 


The magnitude of the forecasts is quite similar in both scenarios. The moderate differences 
stem from a range of generally high data uncertainties. Nevertheless, the trend is quite clear; 
The demand which was around 124 000 t REO in 2008 according to Kingsnorth (2010) is 
expected to increase rapidly within the next few years and continue to rise in the years after 
2014 with similar growth rates, as many of applications are high-tech applications such as 
hybrid vehicles, wind turbines and energy efficient lighting which are only in the start phase. 






271 


'd'ko-lrutitut eM 




89 


Study on Rare Earths and Their Recycling 


9.3 Future demand-supply balance 

The demand-supply balances resulting from the demand and supply forecasts presented 
above are shown in Table 9-3. 


Table 9-3 Forecasted supply-demand balance for individual rare earths In 2014 by Kingsnorth (2010) and 

Lynas {2010a) 


Company 

IMCOA/kingsnorth 

LYNAS 

Source 

Kingsnorth 2010, 

Lynas 2010a 


figures in ( ) from IMCOA, 
cited in Oakdene Hollins 2010 



tREO 

tREO 

Lanthanum 

-3 000 bis + 7 000 

-13.700 

Cerium 

+15 000 bis + 25 000 

7 500 

Terbium 

-100 bis + 100 

-290 

Dysprosium 

-500 bis + 100 

-1.100 

Yttrium 

-5 000 bis +3 000 

-1.200 

Praseodymium 

(2 100) 

-7 000 

Neodymium 

(-1 900) 

-14 200 

Samarium 

(2 610) 

2 300 

Europium 

(10) 

-110 

Gadolinium 

(700) 

900 

Erbium 

(60) 

n.d. 

Ho-Tm-Yb-Lu 

(1 100) 

n.d. 


Despite some data uncertainties, the overall picture presented in Table 9-3 Is quite clear: 
There will be shortages in terbium, dysprosium, praseodymium and neodymium at a high 
degree of probability, even if China imposes no export restrictions. The sectoral analyses of 
the magnet applications identified high growth rates in many affected applications such as 
wind turbines, hybrid vehicles, hard disks and electronics which strongly support the 
expectancy of future supply shortages. 

Further potential shortages might occur for lanthanum, yttrium and europium with a high 
degree of probability. Lynas and partly also Kingsnorth (2010) forecast shortages for all three 
elements, based on the assumption that Chinese REO production will not significantly 
increase in the coming years. The analysis conducted by Oko-lnstitut as provided in the 
preceding chapters supports this expectation. Only the scenario of Kingsnorth (2010), which 
assumes a significant increase in Chinese production, results in a positive demand-supply 
balance for La, Y and Eu. The main drivers for the demand of these REE are energy efficient 
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lighting (La, Y and Eu), catalysts (La), ferrite magnets (La), Ni-MH batteries (La) and 
ceramics (Y). 

The supply risk for the HREE terbium and dysprosium seems to be the highest, as the 
Mountain Pass and Mt Weld mines will not produce relevant amounts of these metals; and 
potential Chinese supply constraints regarding HREE cannot be compensated by relevant 
production capacities outside of China. Furthermore, China will probably not increase its 
HREE production in the next few years, though the global demand increases steeply. 

A relevant supply risk of the LREE neodymium and praseodymium is the complex processing 
technology required for rare earths refining which might lead to delays in implementation in 
California and Malaysia. 

The negative supply-demand balance after 2014 might be attenuated, if further mines 
besides Mountain Pass and Mt Weld start production of HREE and LREE, significant 
improvements in resource efficiency are implemented (particularly increasing the recovery 
rates in the rare earth mining and reduction of production losses in the magnet production) 
and relevant substitutions are realised. Furthermore, efficient recycling systems are required. 
These issues will be analysed in more depth in Chapter 1 0 and 11. 

Another important issue is the high pressure on the fast opening of new mines from 
manufactures which require rare earths for their finished goods, coupled with the expectation 
of investors to make profits with rare earth production as long as possible supply shortages 
exist. This situation might lead to the rapid opening of new mines with inadequate 
environmental standards. Chapter 7 illustrated clearly the environmental burdens of mines 
and processing plants which are poorly designed or managed. National authorities, investors 
and mining operators are asked to act responsibly in designing and operating these plants in 
order to develop a sustainable rare earth industry. This is particularly true as appropriate 
environmental technologies are available and awaiting application. 

The U.S. Department of Energy published in December 2010 an analysis of the criticality of 
selected rare metals (DOE 2010). The highest criticality in terms of supply risk and the 
importance to clean energy production are the five REE dysprosium, neodymium, terbium, 
yttrium and europium, which are also seen as critical by Oko-lnstitut as outlined in the 
paragraphs before. The element praseodymium is seen as less critical by DOE (2010) 
though it is widely interchangeable with neodymium and is mostly used in neodymium / 
praseodymium mixtures as it is found in mineral ores. The criticality of lanthanum is 
estimated to be near-critical by DOE (2010) and as critical by Oko-lnstitut. Hereby, DOE 
(2010) projects an additional supply of these elements not only from Mountain Pass and Mt. 
Weld but also from five further new mines (Nolans Bore/Australia, Nechalacho/Canada, 
Dong PaoA/ietnam, Hoidas Lake/Canada and Dubbo Zirconia/Australia) up to 2015. 
Considering the long time spans needed to develop new mining projects including the further 
rare earth processing, this forecast seems to be quite optimistic. However, apart from the 
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evaluation of the speed progress of new mining projects, the assessment of Oko-lnstitut and 
DOE (2010) show a broad consensus. 


Finally, potential supply shortages for “green” applications are summarised in brief: 

• There will be shortages of rare earths for the production of permanent magnets in the 
short term, with a high degree of probability. The relevant elements are terbium, 
dysprosium, praseodymium and neodymium and the applications wind turbines, hybrid 
vehicles and electric vehicles are concerned. However, there are options for their 
substitution which are discussed in Chapter 10.2. 

• The production of Ni-MH batteries for hybrid vehicles might become limited due to 
shortages in neodymium and lanthanum. This will probably lead to an accelerated 
substitution of Ni-MH batteries by Li-ion batteries, 

■ There will be shortages of rare earths for the production of lighting devices in the short 
term, with a high degree of probability. Significant shortages are to be expected for 
europium and terbium. Furthermore, the supply with yttrium and lanthanum might also 
become scarce. Relevant applications are energy efficient lighting such as compact 
fluorescent lamps, fluorescent tubes, LED, plasma and LCD displays. An additional supply 
risk for most of these applications is the lack of adequate substitutes for many phosphors 
in the short term (see Chapter 10.5). 

■ Catalysts in refining and processing might suffer from a lanthanum shortage. Here 
again, no substitutions are available in the short term. 

• Future new technologies such as magnetic cooling, wind turbines with high-temperature 
superconductors (containing yttrium) and efficient and cost efficient fuel cells (containing 
yttrium and mischmetal) might suffer from supply constraints slowing down their future 
dissemination. 


The compilation shows that most green applications listed above are closely related to 
climate protection and reduction of the depletion of non-renewable energy carriers. They 
contribute to a more efficient use of energy or to energy production by renewable energy 
sources. This applies to motors and batteries for hybrid vehicles and electric vehicles, energy 
efficient lighting, wind turbines, magnetic cooling and fuel cells. Additionally, catalysts 
contribute significantly to the enhancement of process efficiencies and the prevention of air 
pollution. 
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Conclusion on the demand-supply balance 

Based on the foregoing demand and supply analysis, the future demand-supply balance 
for the year 2014 was analysed. It seems to be probable that the Chinese production will 
not increase significantly in the short term due to their planned course of consolidation. 

For the mining outside of China, it is probable that the mining projects Mountain Pass / 
United States and Mt. Weld /Australia will commence operation in the years ahead. The 
short-term implementation of further larger mines does not seem to be realistic. 

Based on these assumptions, potential supply shortages for green applications can be 
identified: 

■ There will be shortages of rare earths for the production of permanent magnets in 

the short term, with a high degree of probability. The relevant elements are terbium, j 
dysprosium, praseodymium and neodymium, and the applications wind turbines, I 
hybrid vehicles and electric vehicles are concerned. However, there are options for 1 
their substitution. > 

■ The production of NI-MH batteries for hybrid vehicles might become limited due to 'I 

shortages in neodymium and lanthanum. This will probably lead to an accelerated | 

substitution of Ni-MH batteries by Li-ion batteries. j 

■ There will be shortages of rare earths for the production of energy efficient lamps | 

and displays in the short term, with a high degree of probability. Significant Shortages | 
are to be expected for europium and terbium. Furthermore, the supply with yttrium j 
and lanthanum might also become scarce. An additional supply risk for most of these j 
applications is the lack of adequate substitutes for many phosphors in the short term. i 

• Catalysts In petroleum refining and processing might suffer from a lanthanum j 

shortage. Again, no substitutions are available in the short term. ? 

■ Future new technologies such as magnetic cooling, wind turbines with high- i 

temperature superconductors (containing yttrium) and efficient and cost-efficient fuel 
cells (containing yttrium and mischmetal) might suffer from supply constraints slowing 
down their future dissemination. 
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10 Substitution and efficient use of rare earths 


10.1 Overview 

Facing possible scarcities of natural resources and the challenge to search alternatives for 
substitution, there are two options in principle: substitution of the REE by another material or 
another design approach of the products or their applications. The analysis of substitutions 
for scarce REE has shown that a simple substitution of a REE compound by another 
compound is a quite rare case. In most cases substitution requires a totally new product 
design. The following sub-chapters describe the options for substitution concerning the main 
fields of applications: motors/generators, magnets in electronic devices, batteries, 
lighting/luminescence and catalysts. 

10.2 Magnets for motors and generators 

10.2.1 Motor and generator types 

In this sub-chapter a short description of the current relevant motor and generator types Is 
given. An overview of these technologies is required to understand the substitution potentials 
of rare earths. 

State of the art for electric motors for e-mobilitv: 

Synchronous electric motor with a neodymium magnet: 

■ Currently the motor type with the highest efficiency! 

■ Use in most electric vehicles, e.g. from Toyota, Mercedes, Honda and BMW, 

■ Increasing use in high performance generator of wind turbines (market share about 
14 % according to Fairley (2010)), 

■ Compact size, 

• Expensive. 

Asynchronous motor 

■ Mostly used motor in industrial appliances; produced in high quantities, 

■ Use in some electric vehicles, e.g. Fiat Seicento Electra, Ford E-Ka, 

■ Good efficiency at nominal load, low efficiency at some operations conditions, 

• Low costs, 

■ No need for neodymium, 
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• Simple construction, 

■ Lower efficiency and bigger size than motors with neodymium magnets. 

Alternatives: 

Synchronous motor with electromagnets (external excitation) 

■ No need for rare earths, 

• Higher copper demand than permanent magnet motors (factor 3), 

■ Broader realisation possible in the short term or the medium term, 

■ Conti is developing such a motor for a power range of 5 to 1 20 kW. 

Permanent magnet motor with a SmCo magnet (synchronous motor) 

■ SmCo (Samarium-Cobalt) magnets are the first generation in the family of rare earth 
magnets, NdFeB magnets belong to the second generation, 

■ These motors were used for high-performance applications before the construction of 
motors with neodymium magnets, 

• Due to their high costs their application is restricted. With increasing Nd-prices they 
might become competitive, 

■ SmCo magnets have a much higher magnetic energy product than ferrite, but lower 
than that of neodymium magnets, 

• They can operate at higher temperatures than NdFeB-magnets (Hatch 2010). 

Permanent magnet motor with ferrite magnet (synchronous motor) 

■ Lower magnetic properties (factor 4), therefore more volume und more weight 
(Benecki 2007), 

■ Lower efficiency - there are R&D activities for higher efficiencies, e.g. (Fang et al. 
2009), 

■ Lower price, 

• R&D project in Japan (Kudling 2010). 

Reluctance motors 

Technical advantages and disadvantages according to Matoy (2008): 

■ Simple and robust construction, 

■ Noise problems (loud)! 

• Low price. 
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• Due to serious noise development no application in electric vehicies or wind turbines. 


Hybrid motors (combination of permanent magnet and reluctance motor) 

Technical advantages and disadvantages according to Matoy (2008): 

• Combines the advantages of both motor types, 

■ Needs less neodymium than the permanent motor, 

■ High potential for the future! 

■ Still in the R&D phase. 

10.2.2 Substitution of rare earths magnets in motors for electric vehicles 

The analysis of the different motor types shows that there are alternatives to permanent 
magnet motors containing rare earths. There are asynchronous motors which are currently 
used in electric vehicles (e.g. Fiat Seicento Electra, Ford E-Ka). Generally, asynchronous 
motors are the most widely used motor type, and though they are less compact and less 
efficient in some operation conditions than the permanent motors, they also show 
advantages such as simple construction methods and low costs. They are an alternative, at 
least in mild hybrid vehicles. Therefore, the German government has included the research 
on asynchronous motors in its national development plan for e-mobility (Bundesregierung 
2009). 

Besides the industrially available asynchronous motors, there are three other motor types 
which show a potential to be an alternative to pure Nd-containing permanent motors: 

■ The synchronous motor with electromagnets (external excitation). Broader realisation 
seems to be possible for the short or medium term. Conti is currently developing a 
motor for a power range of 5 to 120 kW. 

■ A permanent magnet motor with ferrite magnet is currently under development in 
Japan. The higher volume of the weaker ferrite magnet shall be compensated by 
another geometrical arrangement. 

■ Hybrid motors which are a combination of permanent magnet and reluctance motor 
might show a promising potential for the use in electric vehicles. They need less 
neodymium than the pure permanent magnet motors and tend to have a better 
performance than the permanent magnet motors. The German government has 
included the research on reluctance motors in its national development plan for e- 
mobility (Bundesregierung 2009). 
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10.2.3 Substitution of rare earths in generators for wind turbines 

Currently, the global market share of wind turbines working with gear drive and 
asynchronous or synchronous generators is 86 %. They work with electro magnets and thus 
without permanent magnets and rare earths (Fairley 2010). There have been wind turbines 
without gear drives (direct drive turbine) since 1991. They usually work with neodymium 
containing permanent magnets. One of the advantages of these turbines is the absence of a 
gear, which facilitate higher efficiencies and higher reliabilities. Furthermore, due to the 
compact permanent magnet motor, the gearless wind turbines are lighter than the types 
equipped with a gear drive. Therefore, they are an attractive option for offshore plants. But 
also onshore plants are running without gears. The main obstacle for increasing market 
shares of gearless wind turbines are the high costs for the permanent magnets. 

The international market share of gearless wind turbines is estimated at 14 % (Fairley 2010). 
However, in Germany the market share is already much higher; the company ENERCON, 
which completely shifted to gearless drives, has a market share of around 50- 60 % (Kettwig 
2009). The trend indicates that more and more companies are offering gearless turbines, and 
large companies such as Siemens and General Electric are developing new gearless 
turbines for the offshore applications. 

There are manifold discussions about the future development of the market shares of 
gearless drives. There are two key parameters: The first one is the question of how 
successful the gears will be improved in order to achieve a higher reliability for conventional 
turbines with gear drive technology. The second issue is the future development of the price 
and the availability of the permanent magnets (rare earths!) which might inhibit future growth 
rates of direct drive turbines. 


If there are shortages in neodymium, the following alternatives could be drawn upon: 

■ “Classic” wind turbine technology with gears for onshore and offshore plants. An 
overview of the largest protoypes (year 2006) shows that four companies have 
developed off-shore prototypes with gear and asynchronous generator for a capacity 
of 4 - 5 MW (Koenemann & Tschierschke 2006). 

• Magnetic direct drive turbines with SmCo-magnets. However, SmCo-magnets are 
quite expensive, and the resources are also limited. 


Furthermore, a new technology based on high temperatures superconductor (HTS) rotors is 
now under development. At the moment it is not yet clear whether this technology might be 
able to replace the gearless wind turbines with Nd-magnets. However, following 
announcements of the company AMSC (Terra Magnetica 2009, Fischer 2010), the design 
and implementation of turbines with HTS technologies for plants with capacity of 1 0 MW and 
more are planned. Currently, most off-shore turbines operate up to 5 MW. Nevertheless, the 
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superconductors used for this technology also require a rare earth element - yttrium. The 
basic HTS wire substrate is nickel tungsten. Various buffer layers are applied before the 
superconductor — yttrium barium copper oxide — and a very thin cap layer of silver is also 
applied. (Fischer 2010), The resource implications (yttrium, tungsten, silver etc.) of this new 
technology have to be considered very carefully in the years ahead. 

10,2.4 Substitution of dysprosium and terbium in permanent magnets 

Most of the neodymium magnets consist of approximately 65 - 70% iron, 1 % bor, 30 % mix 
of neodymium/praseodymium, 3 % dysprosium and sometimes terbium (Oakdene Hollins 
2010). High-performance applications (e g. e-mobility) may even need a higher share of 
dysprosium. 

The function of dysprosium is to enhance the coercivity (intensity of the applied magnetic 
field required to reduce the magnetisation of that material to zero) and thus the temperature 
tolerance, which is needed for applications with high temperatures such as motors or 
generators (Oakdene Hollins 2010), The use of dysprosium also tends to improve the 
corrosion resistance of the magnets (Avalon 2010). 

The function of terbium is similar to that of dysprosium, but its use is limited to the very 
scarce supply and the high price. One particular quality of terbium is that it has less impact 
on the remanence (magnetisation left after an external magnetic field is removed, which 
should be low in order to achieve a high performance) than dysprosium according to 
Oakdene Hollins (2010). 

Due to a forecasted supply shortage for dysprosium and terbium, industrial companies and 
researchers are looking for alternatives, but there is no decisive solution in sight. The 
following summarises different activities and options in this context: 


■ Benecki (2009) assumes that “magnet producers will likely be forced to offer NdFeB 
magnets with modified compositions, even if some performance is sacrificed. For 
example, a reduction of dysprosium or terbium content could result in an Hd (coercivity) 
reduction of 10-30%. Cost considerations may eventually dictate such compositional 
changes for some applications.” 

■ Discussions with European magnet experts have shown that there is no commercially 
available substitute for dysprosium in neodymium magnets yet. An abandonment of 
terbium seems feasible for most applications which require no extremely high 
performance if the wider available dysprosium is applied to enhance the stability and the 
performance. 
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Furthermore, different research and development activities are being undertaken \Afhich focus 
on a better performance of the neodymium magnets with less dysprosium and terbium 
content than the current magnets. A research project of this kind is currently underway at St. 
Polten University of Applied Sciences (Austria), in cooperation with the University of Sheffield 
(UK). The scientists are exploring the ideal composition and structure for high-performance 
permanent magnets intended for use in hybrid and electric car motors — specifically, how the 
proportion of dysprosium can be reduced without compromising the thermal stability of the 
magnets. By optimising magnets, the researchers suggest, hybrid and electric cars can be 
made economically competitive. 

Another example is provided by Ames Laboratory, where researcher Bill McCallum is 
investigating how to lower the rare-earth content in the permanent magnets used in the 
traction motors of hybrid electric vehicles (Jenkins 2010). 

Komuro et al. (2010) reports that effective processes have recently been developed to 
reduce the amount of terbium by sputtering or vaporising techniques for magnets which have 
a thickness of up to 10 mm. The terbium is diffused along grain boundaries in sintered 
neodymium magnets. The condensed terbium atoms near grain boundaries increase the 
coercivity without a large reduction of remanence. A new process for thicker magnets 
whereby the surface of the magnet powder is coated before sintering is described by Komuro 
etal (2010). 

10.2.5 Substitution of neodymium magnets by SmCo magnets 

The production of SmCo magnets is a difficult and expensive multi-step process. Therefore, 
these magnets are only used in a small number of applications, and the majority of 
permanent magnets are neodymium magnets. A substitution of neodymium magnets by 
SmCo magnets is only an economically attractive alternative, if the SmCo magnets become 
cheaper and/or the price of neodymium magnets rise. 

Apart from the steep increase of Nd-prices in 2010, there are two developments which might 
lead to SmCo magnets having a higher market share: 

• The Northeastern University (2008) presents a new one-step production process which 
might result in much cheaper SmCo magnets: “Unlike the traditional multi-step 
metallurgical techniques that provide limited control of the size and shape of the final 
magnetic particles, the Northeastern scientists’ one-step method produces air-stable 
“nanoblades” (elongated nanoparticles shaped like blades) that allow for a more efficient 
assembly that may ultimately result in smaller and lighter magnets without sacrificing 
performance.” 

■ SmCo magnets need - in contrast to neodymium magnets - no coating. Therefore, 
particularly small SmCo magnets might become economical if the neodymium prices 
continue to rise. The reason is that the economical advantage of not coating the 
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magnets is more relevant for small magnets as the costs of coating do not change much 
when changing the size of the magnet (Trout 2007). 

However, a substitution of neodymium magnets by SmCo magnets will be strongly limited 
due to the resource limits of samarium. The samarium supply is estimated at 4 000 - 5 000 t 
in 2012 whereas the neodymium supply is estimated at 30 000 - 40 000 t in 2012 (Oakdene 
Hollins 2010). The rare earth breakdown of the minerals of mines in China, Australia, 
Canada, United States and Greenland shows that all minerals contain significantly more 
neodymium than samarium (Oakdene Hollins 2010). Thus, there is no potential for an 
enhanced samarium supply which might be able to substitute a significant share of 
neodymium. Additionally, the high costs and resource limits of cobalt contribute to the high 
price of SmCo magnets (Co prices range from 30 - 130 $/kg in recent years’®; annual 
production in 2009 around 61.000 t) according to USGS (201 Od). 

Another drawback is the high environmental and social burden related to the cobalt mining in 
Democratic Republic of the Congo where armed conflicts on resources take place. Around 
40 % of the global cobalt production is currently mined in the Democratic Republic of the 
Congo (USGS 2010g). 

10.2.6 Substitution of rare earths demands by enhanced process efficiencies 

According to Benecki (2007) there are actions that the magnet industry can take to address 
rising REE prices. First, the classic Chinese production process of producing blocks of 
NdFeB and then cutting them to the desired shape wastes tons of Nd and Pr each year. The 
Chinese need to shift to “press to shape” manufacturing, the process that has been common 
in Japan and the West for decades. The Chinese need to reduce the waste of precious rare 
earth materials inherent in their traditional “slicing and dicing” process. 

According to Bax & Willems (2010) nanocomposite magnets could constitute a new 
generation of magnets; DOE (2010) sees nano-structured permanent magnets as one high- 
priority research area. In this context. Oko-lnstitut proposes the incorporation of a case- 
specific risk assessment in their development of all applications of nanotechnologies (Oko- 
lnstitut 2007). 

10.3 Magnets in electronic devices, mainly disk drives 

Approximately one third of the neodymium magnets were used in hard disk drives in 2007, 
and around 1 0 % of magnets were used in optical and acoustic devices (Oakdene Hollins 
2010). In this application field they are used for small motors, writing/reading heads, 
speakers and ear phones and sensors. 


15 


Compare with Nd-price in October 2010 of around 80 $/kg. 
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Most hard disk drive systems currently use a voice-coil-motor (VCM) to actuate the read/write 
recording arm assembly. This motor usually contains a neodymium magnet. In principle, hard 
disk drives (HDD) with VCM can be substituted by a new generation of data storage devices, 
the solid state drive (SSD). The SSD is a data storage device that uses solid-state memory 
to store persistent data. It uses microchips and contains no moving parts. Compared to 
traditional HDDs, SSDs are typically less susceptible to physical shock, quieter, and have 
lower access time and latency. SSDs use the same interface as hard disk drives, thus easily 
replacing them in most applications. SSDs are still significantly more expensive than HDDs, 
but there are already some laptops working with SDD and more computer manufacturers are 
beginning to offer SSDs. There is still a need for further research, but it is to be expected that 
new developments will lead to lower prices and increasing performance, particularly in terms 
of capacity, life time and safety (Marwan 2010). Benecki (2009) assumes that “as solid state 
drive utilisation increases, their costs (and prices) will decline and they will gradually replace 
the traditional magnet-consuming VCM we have taken for granted for so many years. 
Shortages of rare earths would simply accelerate this transition.” However, it also seems 
possible that both technologies, HDD and SDD, will co-exist in the medium term. There are 
also hybrid drives commercially available which are a combination of a HDD and a SSD. 

The partial substitution of dysprosium and terbium has already been discussed in chapter 

10.2.4 (Substitution of dysprosium and terbium in permanent magnets). It is to be expected 
that the substitution of Dy and Tb is easier in these small-size applications than in permanent 
magnets for electric vehicles and generators, where operation temperatures are much 
higher. 

The substitution of neodymium magnets by SmCo magnets is discussed in chapter 10.2.5 
(Substitution of neodymium magnets by SmCo magnets). Due to constraints in price and 
availability, it will only be an option for a few sophisticated applications. 

10.4 Batteries 

Rare earths are used in Ni-MH batteries. Besides nickel and cobalt the MH-electrode 
contains a mix of different rare earth elements. The mixture varies between the 
manufacturers. Mostly, the main rare earths are lanthanum and cerium with additional input 
of neodymium and praseodymium (Luidold 2010). 

Ni-MH-batteries are used in portable appliances (e.g. power tools) and hybrid vehicles (HEV) 
(e.g. Toyota Prius). Around 50% of the worldwide sales stem from use in HEV batteries. 

The Ni-MH battery for hybrid vehicles is a mature technology and is used in the Toyota Prius 
with more than 2 million sales. However, there is little room for further improvements in 
energy power (limited energy and power density) and costs according to Bax & Willems 
(2010) which refer to a study conducted by the Rocky Mountain Institute. The future battery 
generations will be lithium-ion batteries. This trend is underlined by the fact that Toyota will 
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Start to equip the new Prius van with a lithium battery with a higher capacity in 2011. At the 
same time, the German government has set up a national development plan for e-mobility 
(Bundesregierung 2009), It also estimates that lithium-ion batteries have the highest potential 
for future energy storage systems. Additionally ZEBRA (high temperature) batteries, redox- 
flow and magnesium batteries and metal-air batteries might play an important role in the 
future. Thus, the broader use of Ni-MH batteries for hybrid vehicles is expected to phase out 
gradually, Pillot (2009) forecasts the market share of Li-ion batteries for HEV to rise to 35 % 
in 2020 (35 % in the base scenario and 60 % in the optimistic scenario). In 2009 the market 
share of Li-ion batteries for HEVs was approximately 2 %, 

The trend for portable appliances is that Li-ion batteries gain increasing market shares. 
They have already largely substituted Ni-MH batteries in laptops and mobile phones and 
have relevant market shares in further applications such as cameras and power tools (ifeu / 
Oko-lnstitut 2010). 

In summary, it is expected that the market share of Li-ion batteries will significantly increase 
in the years ahead. The use of Ni-MH batteries for HEV will phase out in the medium term. 
The same trend is to expect for most portable appliances. A shortage in rare earth supply 
might accelerate this development. 

10.5 Lighting and luminescence 

Phosphor materials emit light after absorption of energy. They are produced by dotting salt- 
like host lattices with metal ions in small concentrations. The colour of the light essentially 
depends on the properties of these metal ions, also called activators. As an example, in the 
following some metal ions and their corresponding colours are listed (Riedel et al. 2007): 
Samarium (Sm^*): red-violet 

Europium (Eu^*): red Europium (Eu^''): blue 

Terbium (Tb^’^): green Cerium {Ce^*}: green 

Erbium (Er^*): green Dysprosium (Dy^*): yellow 

Thulium (Tm^*); blue 


White colour originates from the mixture of three colours. The temperature of the colour can 
be adjusted (warm or cold light), depending on the composition. As the spectra of the 
individual metals are limited, lamps with special requirements use up to eight phosphors, 
mainly lanthanides (Wickleder 2010). 

Host lattices comprise compounds without rare earths such as BaMgAlioOu, BaFCI or 
Zn 2 Si 04 as well as compounds containing rare earths such as Y 2 O 3 , La 203 and CeMgALiOis. 
The following chapters describe the main areas of application: fluorescent lamps, plasma 
displays as well as electro-luminescence with a focus on LEDs (light-emitting diodes) and 
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LCDs (liquid crystal displays). Other fields of application with smaller quantitative relevance 
are laser and X-ray technology where REE are used, too (e.g. neodymium for lasers'®). 

10.5.1 Fluorescent lamps 

Fluorescent lamps encompass the group of tube-like lamps (fluorescent tubes), compact 
fluorescent lamps (CFL), high intensity discharge (HID) lamps, and low-pressure sodium 
vapour lamps. 

In the following the chemical composition of the most frequent luminescent materials (= 
phosphors) used in these lamps (Wojtalewicz-Kasprzak 2007) is provided: 


Phosphors without rare earths: 

Halophosphate: CaO, P 2 O 5 , MnO, SbaOa, F, Cl (white, blue) 

Phosphors with rare earths : 

Yttrium europium oxide (YOE): ~ 95 % Y 2 O 3 , ~ 5 % EujOj (red) 

Barium magnesium aluminate (BAM): AI 2 O 3 , BaO, MgO, ~ 2 % EU 2 O 3 (blue) 

Cerium magnesium aluminate (CAT): AI 2 O 3 , ~ 11 % CezOi ~ 8 % Tb 203 , MgO (green) 
Lanthanum phosphate (LAP): - 40 % La 203 , ~ 16 % Ce 203 ~ 11 % Tb 203 , P 2 O 3 (green) 
Inexpensive fluorescent lamps use halophosphate (light yield ~ 75-80lmAAt, low-quality 
colour reproduction), while high-quality fluorescent tubes use a three band phosphor 
containing REE (light yield ~ 100 ImAA/, good colour reproduction); they contain 2% 
halophosphate or three band phosphor, respectively, in terms of weight. In compact 
fluorescent lamps the three band phosphor constitutes about 0.3 % in terms of weight 
(Wojtalewicz-Kasprzak 2007). Guarde et al. (2010) reported on high rare earths contents in 
fluorescent powders from the recycling of used fluorescent lamps and tubes, particularly 
yttrium with up to 9 % and smaller amounts of europium (up to 0.6 %), lanthanum (up to 
0.5 %), cerium (up to 0.4 %), gadolinium (up to 0.3 %) and terbium (up to 0.2 %). 

The summary above shows that all three band phosphors use REE as activators. In many 
cases the host lattice is also dotted with REE like yttrium, cerium or lanthanum. According to 
USGS (2010b) yttrium cannot be substituted by other elements in the use as phosphor. 
Considering various phosphors Justel (2007) concludes that phosphors containing REE are 
superior to other phosphors. However, he mentions manganese (Mn^*) as a possible 
alternative to terbium. Regarding phosphor technology shift, Lynas (2010a) mentions a 
potential decrease of Tb consumption amounting to 40 %. A Japanese research project 
which started in 2009 aims at finding a substitute for Tb and Eu by using a high-speed 


'® Angerer et al 2009 estimate a very low demand of only 0.2 1 Nd for use in laser crystals in 2030. 
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theoretical calculation method and combinatorial chemistry synthesis of materials (NEDO 

2009) . DOE (2010) states that there is no proven substitute for europium in fluorescent 
lamps and no proven substitute for europium as red phosphor in television screens. 

Plasma displays make use of UV-rays and have a similar working principle as fluorescent 
lamps. Here, REE like europium, yttrium, terbium and gadolinium are used. 

10.S.2 Electro-luminescence 

llluminants which are based on the phenomenon of electro-luminescence comprise LEDs 
(based on inorganic compounds), OLEDs (based on organic compounds) and EL-foils. LEDs 
or EL-foils are also used as backlight for LCDs. 

In the medium term LEDs constitute a promising alternative to CFL. Their efficiency is 
already higher and a further drastic increase of their efficiency is expected. Wickleder (2010) 
states that various commercial LED-applications are already available. Nevertheless, to 
enable broader dissemination new phosphors capable of providing a better light quality need 
to be developed. 

Currently, the REE gadolinium, cerium, terbium, europium, yttrium, lanthanum, samarium 
and lutetium are used in the host lattices and as activators. 

Organic LEDs (OLEDs) are likely to be the next LED generation. Some commercial 
applications which also use REE like europium, terbium, samarium, lanthanum, gadolinium, 
lutetium, thulium and dysprosium are already on the market or are being developed (Huang 

2010 ) . 

In future, LEDs might eliminate the need for lanthanum and terbium phosphors while 
continuing use of cerium and europium (DOE 2010), Future generations of OLEDs might 
even be free of all rare earths (DOE 2010). 

10.6 Catalysts 

Rare earths are used for industrial catalysts as well as for automotive catalysts. A very 
important example of rare earths used for industrial catalysts is FCC (fluid catalytic cracking) 
catalysts, which support refineries in the production of high quality products at high rates. 
Hykawy (2010) reports an estimate provided by G. Ragan from Albemarle, which assumes a 
global market of about 600 000 t for FCC catalysts with a rare earth content of approx. 2%, 
mostly lanthanum. This means an annual lanthanum demand of approx, 12 000 t for FCC 
catalysts. According to Hykawy (2010), P. Chang from BASF pointed out that lanthanum is 
crucial for FCC catalysts because it provides thermal stability and selectivity. Currently no 
substitutes for lanthanum in FCC catalysts are known, but experts state that there is an 
additional impetus for reduction or substitution due to the increasing prices of REE like 
lanthanum. 
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In automotive catalysts REEs (mostly cerium) are also responsible for enhanced thermal 
stability and emission reduction (Hykawy 2010). Currently no substitution materials are 
know/n for the REEs used for automotive catalysts. 


Conclusion on substitution and efficient use of rare earths 

The analysis of substitutions for scarce REE has shown that a simple substitution of a 
REE compound by another compound is a quite rare case. In most cases substitution 
requires totally new product design. The identified options for substitution for the major 
green applications are summarised below: 

Rare earths are currently used in around 14% of newly installed wind turbines with 
gear-less design and technical advantages in terms of reliability. /I supply shortage 
of rare earths would lead to a shift to alternative turbine types. Further research into 
the higher reliability of traditional techniques with gears would support this 
substitution. 

Rare earths are used in permanent motors of hybrid electric vehicles and electric 
vehicles. Substitutions based on alternative motor designs are available. However, 
R&D is required to enable higher performance of existing electric motor types and to 
realise new electric motor concepts. 

Most new energy efficient lighting systems contain rare earths (compact 
fluorescent lamp, LED, plasma display, LCD display). Substitutions are rare, 
particularly In the case of compact fluorescent lamps. R&D is required for alternative 
phosphors with a high efficiency and high light quality. 

Automotive catalysts contain cerium, and catalysts for petroleum refining and other 
industrial processes contain lanthanum. Substitutions are rare, and R&D is urgently 
required for alternative catalysts. 

Concerning a higher efficiency of the rare eadh, R&D is urgently needed in all fields of 
application and is also needed to enable higher efficiencies in mining, beneficiation and 
processing. One example of high losses in the production chain is the traditional magnet 
production. 

The use of nanotechnology in some green applications is being considered in order to 
increase the efficiency by nano-sized rare earth compounds. An attendant risk 
assessment is highly recommended. 




287 




Fer A^BmI I*oJ ayy 


105 


Study on Rare Earths and Their Recycling 


1 1 Recycling of rare earths - current situation 

The recycling of rare earths could be stated as a very uncommon issue until today. A recent 
analysis of Oko-lnstitut conducted for UNEP on critical metals provided information on very 
small quantities of recycled rare earths with pre-consumer origins (permanent magnet scrap), 
but no indications of any post-consumer recycling of rare earth containing products could be 
found (Oko-lnstitut 2009), The reasons for this were quite dissipative applications, quite low 
prices of rare earths and a tendency of REE to move in the slags of smelter plants. 
Nevertheless the sharp increase of the rare earth prices in 2010 and the high media 
coverage of possible supply shortages and export restrictions by China have put the issue of 
recycling rare earths on the agenda worldwide. The following sub-chapters summarise the 
results of the intensive new analysis conducted by Oko-lnstitut in late 2010. 

11.1 Recycling of rare earths from magnets 

Research activities are being conducted on pre-consumer and post-consumer recycling in 
China and other countries. An important focus is the recycling of magnet scrap which arises 
in large amounts not only after consumption but already during the production. 

■ It is estimated that 20-30 % of the rare earth magnets are scrapped during 
manufacturing (Zhong et al. 2007), However, the recovery of the rare earths from 
production waste is not yet practiced (Shirayama Okabe 2009). Possible technologies 
are as follows (Oakdene Hollins 2010): 

o Re-melting the scrap and recover in an un-oxidised state. According to Oakdene 
Hollins (2010) the yields are expected to be low. 
o The recovery of the rare earth as oxide. However, the value of the oxidized rare 
earth is much lower than the value of the metallic rare earths, as the oxides have 
to undergo the energy-intensive reduction and refining process again, 
o Re-use of the magnetic materials for new magnets without a separation of the 
material mix. 

o Selective extraction of Nd and Dy directly from magnet scrap by using molten 
magnesium chloride as the selective extracting agent. Laboratory tests were 
carried out in Japan with temperatures of around 1.000 °C (Shirayama Okabe 
2009). 

■ There are various studies in China on the recovery of rare earth metals from 
neodymium magnet scrap and waste. Wang et al. (2006) reported that Dy 203 could 
be recovered to an extent of over 99 %. Furthermore, Tang et al, (2009) compared 
two methods employing Na 2 S 04 double-salt precipitation and oxalate secondary 
precipitation which achieve a recovery rate of Nd 203 of more than 82 %. Zhang et al 
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(2010) researched a separation method based on the electrical reduction by using 
P507 extraction and comparing this with the traditional separation methods in terms 
of material consumption and costs. Test results showed that this newly electrical 
reduction technology may result in a recovery rate of 96.1 % of rare earth from 
neodymium magnet scraps und save 6 033 RMB (about 650 Euro) per ton of rare 
earth recycled. 

■ Shi (2008) invented a process for the recovery of neodymium from acid cleaning 
waste water which arises before NdFeB is electrically plated. 

■ Zakotnik et al (2009) recycled neodymium magnets from disk drives successfully by 
milling and re-sintering with the addition of 1 % new neodymium in a technical scale. 
Kawasaki et al (2003) developed a similar recycling process for sintered neodymium 
magnets by adding Nd-rich alloy powders to the ground magnet scrap powder before 
re-sintering. 

■ Current research is ongoing in Japan into the post-consumer recycling of rare earths 
from motors/generators (permanent magnets). Pyro-metallurgical and 
hydrometallurgical approaches are described which focus on the recovery of REE as 
metals. (Takeda 2009, Koyama 2009). 

■ Hitachi announced that it has developed a machine for the dismantling of neodymium 
magnets from hard disks and compressors (Clenfield Shiraki 2010). The machine has 
a capacity of 100 magnets per hour, about eight times faster than manual labour, The 
developed dismantling process shall commence operation in 2013. 

11.2 Recycling of rare earths from batteries 

■ The Japanese JOGMEC's Metals Mining Technology Group has been creating 
technology to recover rare earths metals such as lanthanum and cerium from used 
Ni-MH batteries used for HEVs, and to refine the recovered metals for re-use in new 
batteries. The electrodes are first treated with a multi-element refinery process, then 
the separated reduction of the rare earths takes place (JOGMEC 2010), There are no 
references to the implementation of a plant of industrial size. 

• The recovery of REE from Ni-MH batteries is examined by Luidold (2010). Despite 
other attempts to extract the REE out of slags from smelting operations by means of 
hydrometallurgical methods, this approach is aimed at the previous separation of the 
REE from the other materials, 

• Researchers from Freiberg/Germany developed a hydrometallurgical process to 
recover rare earth metal from the slag of the pyro-metallurgical treatment of used Ni- 
MH batteries (Heegn 2009), 

■ The Chinese researchers Wu & Zhang (2010) studied the recovery of Ni, Co and rare 
earth (lanthanum, cerium, neodymium and praseodymium) from used Ni-MH batteries 
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by leaching with sulphuric acid. The tests showed recovery rates of 95 %. Gao (2009) 
also investigated the recovery of rare earth from spent Ni-MH batteries. 

11.3 Recycling of rare earths from lighting and luminescence 

There are some research activities and new patents in the field of post-consumer recycling. 
They are listed below: 

• OSRAM holds a patent on the recycling of yttrium and europium from discharge 
lamps and fluorescent lamps (OSRAM 2009, Wojtalewicz-Kasprzak 2007). 

■ Guards et al (2010) report on the recycling of fluorescent lamps and tubes and the 
output of a distilled powder fraction which contains up to 10 % rare earths. Currently 
this fraction is disposed (compare with more detailed figures in Chapter 10.5,1). 

■ Further research activities are being undertaken which focus on yttrium and europium 
recovery not only from lamps but also from TV tubes and computer monitors (Rabah 
2008, Resende Morals 2010). 

• A scientific overview of conceivable recovery methods for the recycling of rare earths 
fluorescent powder containing yttrium, europium, lanthanum and cerium is provided 
by the Chinese publication Mei et al (2007). 

11.4 Recycling of rare earths from catalysts 

The recycling of REE from spent catalysts (industrial as well as automotive catalysts) is not 
common due to relative low prices of REE in the past. A German source from 2001 reported 
that the 9 100 t (1998) of spent FCC catalysts from catalytic cracking processes in German 
oil refineries was completely used as cement additives (Hassan 2001), which means a 
recovery of the REE from the spent FCC catalysts was not an issue. It is an open question 
whether a recovery of the REE (mostly lanthanum) from FCC catalysts could be interesting 
from an economic point of view in the next years. This will mainly depend on the price 
development of lanthanum. From a technical point of view the large global mass flow of FCC 
catalysts - 600 000 t per year (Hykawy 2010) - with about 2 % REE content means an 
interesting REE potential for recycling from this specific application. It should be mentioned 
that Oko-lnstitut and Umicore (GFMS 2005), after in-depth investigations regarding the 
recycling flows of platinum group metals, came to the clear conclusion that the usual 
business-to-business relationships (e.g. between the catalysts suppliers and the oil 
refineries) are a very good pre-condition for very high recovery rates of the platinum group 
metals (almost 100 % collection rate of the spent catalysts). Nevertheless the development 
of a technically feasible and economically acceptable solution for the recycling of REE from 
FCC catalysts is a task for the future. 
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The recycling activities of the automotive catalysts focus worldwide on the recovery of the 
valuable platinum group metals (GFMS 2005). Therefore the recovery of the REE content 
(mainly cerium) from these catalysts has not yet become a focus. Currently the REE moves 
into the slags from smelter processes due to the high affinity of the REE to oxygen. It 
remains an open question whether a recovery of REE from spent automotive catalysts could 
feature in the future. 

11.5 Recycling of rare earths from other applications 

Further studies deal with highly specific recycling processes from cleaning water, ferrosilicon 
and waste from the aluminium production. They are briefly described below: 

■ Wang et al, (2005) conducted an investigation on recovering the rare earth metals 
from solid waste generated from aluminium production called red mud. The study 
firstly reviews the existing recovery methods of rare earth metals from red mud in 
China and abroad and secondly introduces the methods in Shanxi Aluminium Limited 
Company at the laboratory stage. There, red mud was roasted and rare earth metals 
were leached by MCI; finally scandium and other rare earth oxides were separated 
from liquid. 

■ Ferrosilicon which contains rare earths is used as a pre-alloy in the production of 
ductile graphite iron. Chen (2007) analysed the technological conditions of smelting 
rare-earth ferrosilicon by means of two thermal methods. 

• The Japanese company Kosaka Smelting and Refining tries to develop ways to 
reclaim rare earths like neodymium and dysprosium from electronic scrap (Tabuchi 
2010 ). 

11.6 Challenges for an efficient rare earths recyciing 

The analysis shows that recycling plants and technologies are quite rare. The publications of 
the US Geological Survey from 2010 only mention rare earth recycling for small amounts of 
magnetic scrap (USGS 2010a) containing Nd, Pr and Dy and small amounts of yttrium from 
laser and garnet applications. Furthermore, there is no current industrial recycling process for 
the recovery of rare earths from Ni-MH batteries containing La, Ce, Nd and Pr (Oakdene 
Hollins 2010, Luidold 2010, Tabuchi 2010). 

Oakdene Hollins (2010) provides an overview of the recycling activities of rare earth. Their 
conclusion is that a significant amount of research into the recycling of rare earth metals has 
been undertaken, most notably in Japan. The result of the research activities is that there are 
potentially a number of extraction processes but none of them has been developed 
commercially due to drawbacks on yields and cost. The evaluation provided by Oakdene 
Hollins (2010) is that the most attractive method is the treatment with liquid metals. They 
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further state that most of the patents are from the early 1990s and that little progress was 
made in the following 15 years. Therefore they see a potential for further new developments. 
Research conducted by Oko-institut affirms the fact that few industrial recycling activities are 
being implemented. The latest publications show the following industrial recycling schemes: 

• Sludge from shaping and grinding of magnet alloys is recovered (Shirayama Okabe 
2009), probably in Japan. 

■ Recycling of yttrium is realised for small quantities, primarily from laser crystals and 
synthetic garnets (USGS 2010b). 

• Magnets from MRI (magnetic resonance imaging for medical application) are being 
re-used (Shirayama Okabe 2009). 

Principally, the recycling processes for the rare earths are quite complex and extensive if re- 
use is not possible and a physical and chemical treatment is necessary. Most of the recycling 
procedures are energy-intensive processes. The main post-consumer activities - the 
recycling of rare earth from motors and hard disks and other electronic components - will 
require intensive dismantling. 

A large challenge for a closed-loop economy in the field of the rare earths is the recycling of 
the rare earths magnets, as it is the most important application with expected shortages in 
the rare earth supply. The following constraints have to be overcome: 

• The transport of magnetic materials is restricted as their field can interfere with 
aircraft instruments. This requires demagnetisation before air transportation, other 
transport modes or regional recycling activities (Oakdene Hollins 2010), 

• Most of the rare earth magnets are used in motors and HDD (hard disk drive). Here, 
the recycling requires a costly and extensive dismantling, as the magnet is quite 
small. Further, it has to be demagnetised before separation from the iron parts is 
possible. Additional work has to be conducted it the magnet is embedded in plastics, 

■ Electronic scrap is often recycled in classic pyro-metallurgical plants. Many metals 
can be recovered, but the rare earths are lost as they become a part of the slag which 
is currently not recovered. 

General constraints for wider recycling of rare earths in most application fields are: 

■ The implementation of an efficient collection system has to be built up. 

■ Post-consumer goods such as end-of-life vehicles or electronic scrap are partly 
exported in developing countries. These exported goods will not be easily available 
for an efficient urban mining. 

■ Up to now, the prices for rare earths have been too low for the running of an 
economical recycling process, particularly when considering the complex dismantling 
and treatment processes and the quite high energy demand. Even increasing prices 
due to the current Chinese export restriction do not guarantee a long-term stability of 
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adequate prices for rare earths, which is a pre-condition for economic recycling 
processes. 

It will take a long time span for many of the devices containing rare earths to reach 
the end of their life time. In particular electric motors in vehicles and wind turbines 
should have life times of 1 0 - 20 years. 


/ Conclusion on current situation of rare earth recycling 

I Only a few industrial recycling activities are currently implemented for rare earths. Up to 

ji now, there has been no large-scale recycling of rare earths from magnets, batteries, 

I lighting and catalysts. In principle, the recycling processes for the rare earths are quite 

I complex and extensive if re-use is not possible and a physical and chemical treatment is 

I necessary. The main post-consumer activities - the recycling of rare earths from motors 

Ij '■ 

I and hard disks and other electronic components - will require intensive dismantling. 

1 Several constraints for a wider recycling of rare earths were identified: the need for an 

I : efficient collection system, the need for adequate high prices for primary and secondary 
I rare earth compounds, losses of post-consumer goods by exports in developing countries 

I and the long life time of products such vehicles and wind turbines of 10- 20 years before 

j they enter the recycling economy. 

I At the same time, the potential supply shortages and the steep increase in prices of rare 

I earths are providing for the first time the opportunity to address the problem of today's rate 

jj earth supply in more depth and to seriously build up a recycling economy. The advantages 

I of rare earth recycling include the utilisation of European resources, independence from 

!; foreign resources and environmental benefits. A corresponding strategy for developing 

% such a European recycling scheme is provided In the next chapter. 
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12 Strategy for a sustainable rare earth economy 
12.1 Background 

in recent years tremendous changes have occurred in the global application of rare earths. 
Technological innovations and the research on rare earths resulted in manifold applications 
leading to a steep increase in the demand. A relevant share of the increasing demand is 
caused by so called “green technologies” v/hich are designed to contribute to environmental 
protection by means of a reduction of the energy consumption, the further development of 
renewable energy carriers or air pollution control. There is serious concern that the demand 
of several different rare earth elements such as neodymium, praseodymium, dysprosium, 
terbium, lanthanum, yttrium and europium might exceed the current supply within a few 
years. Even if China imposes no export restrictions it is to be expected that the increasing 
demand can only be met if further mines are opened in addition to the two mines in Australia 
and USA which have already obtained approval from the national authorities and begun 
construction works so that large-scale operation can commence around 2012. 

The high demand and the expected supply shortages, additionally triggered by Chinese 
export restrictions, lead to a significant increase in rare earth prices. This steep increase is 
not only a burden for manufacturers and consumers. It provides an opportunity to address 
the problem of today's rare earth supply in more depth and to develop a sustainable rare 
earth economy in all relevant sectors. The low prices in the past have led to a sighificant 
waste of resources. To date there has been almost no recycling of rare earths. The new 
prices might be a starting point for setting up recycling systems for rare earths. 

Similarly, science and industry are beginning research and developmeht ihto optiohs for the 
substitution of rare earths. The Chinese export restrictions revealed the high vulnerability of 
the EU and other developed countries. Alternative technologies with less or without 
application of rare earths attract more attention. Research projects started which aim to 
develop green technologies and other applications which require no or less rare earths. 

The high public interest in this issue has further revealed the high environmental burden in 
the surroundings of the Chinese mines and processing plants. If the EU demands rare earth 
technology for their green technology, it is up to the EU to contribute to a "greener” rare earth 
supply. The contradiction between the “green" application of rare earth and their high 
environmehtal pressures ih production calls for action to be taken particularly by Europe, 
America and Japan where - besides China - the majority of the rare earths are consumed. 
Action in the field of recycling should begin now without further delay as it will take a 
minimum of five to ten years for the first large-size implementation to take place. 

The recycling of rare earths has several advantages compared to the use of primary 


resources: 
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■ Europe is one of the largest consumers of rare earths worldwide. Increasing amounts of 
waste from final products containing rare earths arise in Europe. These valuable 
resources should be returned to the industrial metabolism by “urban mining”. 

■ Dependence on foreign resources will be reduced by supplying the European market 
with secondary rare earth materials. 

■ Apart from a few specialised industries and applications, the know-how in rare earth 
processing is quite low in Europe because most of the European rare earth handling 
involves the subsequent processing of refined material. The upstream processes are 
mainly being carried out in China and to some degree in Japan. The building-up of know- 
how in recycling will widen the competency of enterprises and scientific institutions in 
Europe. 

■ The processing of secondary rare earths will be free from radioactive impurities. The 
mining and further processing of primary rare earths is associated with nuclear radiation 
coming from radioactive elements of the natural deposits in most cases. Therefore, 
primary rare earth processing generally produces radioactive waste. 

■ The recycling requires some energy carriers and chemicals. At the same time it saves 
significant amounts of energy, chemicals and emissions in the primary processing chain. 
The accurate net benefit for recycling is process-specific and can be identified by a life 
cycle assessment. It is to be expected that most recycling processes will have a high 
net-benefit concerning air emissions, groundwater protection, acidification, 
eutrophication and climate protection, 


The next chapters will firstly address strategies for action within the European Union in order 
to promote a sustainable rare earth management. Related issues are the developing of 
recycling schemes and actions required for improvements concerning a more efficient use of 
rare earths and improvements of alternative applications which work without the use of rare 
earths. Secondly, aspects related to foreign affairs and the potential contribution of the 
European Union to an environmentally sound mining will be addressed. 

12.2 Development of recycling schemes 

Oko-lnstitut suggests taking action in the short term in order to establish a European 
recycling scheme for rare earths. The development and implementation might take some 
years. When a relevant amount of products containing rare earths which now enter the 
market reach the end of their life cycle and are available for recycling such an collection and 
recycling scheme should be implemented. 

The next figure provides an overview of main steps toward a European recycling scheme as 
suggested by Oko-lnstitut. 
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Figure 23 Steps towards a European rare earth recycling scheme 

The different steps are described in more detail in the following. 

12.2.1 European competence network on rare earth 

A European network which comprises all relevant stakeholders on all levels is seen by Oko- 
Institut as indispensable for the development of a recycling scheme for rare earths. Relevant 
stakeholders are recycling companies, manufacturers of finished goods, producers of semi- 
finished goods, research institutions, public authorities and politicians. Similar national 
networks already exist. One example is the Dutch Materials Innovation Institute M2i which is 
a public-private partnership between industry, knowledge institutes and the government of 
the Netherlands (M2i 2009). 

Oko-lnstitut therefore proposes that a European Round Table should be set up, which brings 
together all relevant stakeholders from science, circular economy and companies 
contributing to the value-added chain of products containing rare earths. The spectrum 
comprises a lot of different sectors such as rare earth refining, the production of industrial 
products (e.g. catalysts or polishing powder), the production of specialty products (e.g. 
optical high-tech devices) and the production of largely disseminated consumer products 
(e.g. compact fluorescent lamps). 
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12.2.2 Basic research on rare earth processing 

Due to the fact that there is no rare earth mining in Europe and only a very few companies 
are involved in rare earth refining, there is a need for enhanced basic research in Europe on 
rare earth processing. This knowledge might be necessary in order to build up a large-scale 
urban mining on rare earths and to establish more independence from the process 
knowledge which is currently mainly available in China and Japan. The United States is 
currently planning to develop a knowledge base in order to be able to process the rare earths 
to be mined from the re-opened mine (Mountain Pass) from 2012 onwards. The current 
situation in magnet production is representative for other sectors. The large scale of China’s 
know-how and capacity in all stages of production is clearly shown by Figure 10 on page 33. 
The first step to building up more know-how on rare earths in Europe would be the detailed 
identification of gaps of knowledge and competences in Europe related to rare earth 
processing. As a further step Oko-lnstitut proposes the creation of chemical chairs which 
carry out basic research on rare earths and their sustainable management. 

12.2.3 European material flow analysis 

The key aim of a European material flow analysis is to close significant data gaps and to gain 
broader knowledge on the material flows in Europe related to rare earths. The analyses in 
the previous chapters have shown that little data is available on the manifold and mostly 
young applications using rare earths. The global demand and supply forecasts of national 
research institutions such as the American USGS, the British BGS and the German BGR 
have to rely on the knowledge and estimates of a few experts mainly outside of Europe. The 
data situation of the rare earth flows should be improved within Europe and globally in the 
near future. This is a critical point for a sustainable economy of rare earths as more in-depth 
knowledge is indispensable to facilitating a successful course of action in terms of recycling 
and a more efficient use of rare earths. 

The first step to enabling a European material flow analysis is to identify the main 
manufacturers and actors in the added-value chain related to rare earths. This step is linked 
with the build-up of a European Competence Network. The next task should be to identify the 
main material flows and to estimate the amount of rare earths which will be embedded in 
specific waste streams and available for recycling. Close co-operation with the European 
rare earth processing industry is regarded by Oko-lnstitut as essential to obtaining robust 
results. 

12.2.4 Identification of initial products 

Building up the recycling scheme step by step and beginning with a couple of initial products 
suited to recycling is highly recommended. These products should encompass, for example, 
a large amount of rare earths, high economic relevance, a design allowing an easy 
dismantling or a high concentration of the rare earth in the waste stream. The material flow 
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analysis will provide a more detailed picture of the rare earth material flows in products and 
waste streams. 

Based on current knowledge, potential initial waste streams could arise on the pre-consumer 
level (waste arising during manufacturing) from the magnet production, the lighting industry, 
the upstream rare earth processing industry, the industry using polishing powder and the 
production of IT-devices and electronics. 

In quantitative terms, the post-consumer waste will be much more relevant. The following 
products might prove to be appropriate initial products for a new recycling scheme when the 
end of their life cycle is reached: magnets from electric motors and generators (arising in 
wind power plants, hybrid and electric vehicles, hard disks and e-bikes), lamps (fluorescent 
lamps), displays (plasma display and LCD) and possibly automotive catalysts. Spent 
industrial catalysts are also a promising candidate. 

12.2.5 Development of collection and pre-treatment schemes 

Based on knowledge gathered from the material flow analysis and the selection of initial 
products, the next step will be to design a collection and pre-treatment scheme. 

The treatment of many wastes which contain rare earths is already regulated by existing 
guidelines, e.g. the WEEE Directive, the ELV Directive or the Battery Directive. However, 
there are not yet specific regulations for rare earths. The specific requirements for collection 
schemes for waste containing rare earths have to be integrated in procedures already 
implemented. Another aspect is the consideration of required pre-treatments. For example, 
magnets have to be demagnetised before transportation, or batteries have to be discharged 
due to safety issues. 

12.2.6 Development of pilot plants 

The next step is to design pilot plants needed to learn more about the complex recycling 
processes. This step also comprises research activities on the specific recycling procedures. 
In most cases, it will be necessary to set up large-scale R&D projects as rare earth recycling 
often requires high-technology based on complex chemical processes and sophisticated 
equipments. Some ongoing or past R&D projects are described in Chapter 11. The overview 
shows the high complexity of most of the project tasks. 

12.2.7 Financial issues 

The investment in recycling plants bears a high risk for investors, as outlined below: 

• Most of the recycling plants will require a high long-term investment due to the required 
complex technologies, 

■ There is a large number of mining projects with uncertainty about their realisation (see 
the overview provided in Table 4-3 on page 22). If a high number of projects were 
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realised, it could not be excluded that REE prices will decrease again in the medium to 
long term, thus depriving recycling of its economic basis. 

■ Generally, there is high uncertainty about the future price developments. Reliable data 
on the demand and the supply situation are scarce, the rare earth stocks of companies 
and nations are unknown and speculations on rare earths prices might cause 
turbulences on the trade markets. 

Therefore, it should be analysed whether the European Investment Bank (EIB) could reduce 
financial risks for investments in recycling. 

An example of financial instruments outside of Europe are programmes from the US 
Department of Energy which support the production of clean energy components and new 
vehicle technologies by providing loan guarantees, loans or tax credits (DOE 2010). The 
Japanese administrative institution JOGMEC promotes a stable supply of metal resources, 
providing funding for research and field survey, loan guarantees and financial assistance to 
mining projects, maintaining stockpiles and disseminating information on mineral availability 
issues (DOE 2010). 

12.2.8 Legal framework 

A recycling scheme of rare earths not only requires appropriate logistical and technical 
requirements but also an appropriate legal framework. 

The first task of this step will be a screening in order to identify the sectors where the 
collection and treatment is already regulated and sectors where no regulation takes place, 
e.g. wind turbines. 

The next step will be to adapt the legal EU framework in order to optimise post-consumer 
rare earth recycling. In this context, specific issues might be addressed, e.g. the obligation to 
conduct magnet recycling from dismantled wind power plants or the prevention of exports of 
valuable electronic scrap and catalysts to developing countries where no recycling of 
speciality metals takes place (compare Oko-lnstitut & Eurometaux 2010), Oko-lnstitut further 
proposes verification of whether the Ecodesign Directive (2009) and related regulations 
should be adapted in order to support the dismantling and recycling of rare earth 
components from energy-using products. Another issue which should be discussed for rare 
earth components in electronic devices and automotive applications are the overall recycling 
quotas which are required by the WEEE Directive, the ELV Directive and the Battery 
Directive. These compulsory quotas do not consider the ecological relevance of the recycled 
substances. Hence, the WEEE Directive and ELV Directive mainly support the recycling of 
the basic materials but not the recycling of scarce and precious metals which have a high 
ecological relevance but only contribute a low share in terms of volume. The rare earth 
recycling should be addressed by specific requirements, e.g. the obligation for dismantling of 
selected rare earth containing components. 
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Concerning the ELV Directive, Oko-lnstitut proposes the introduction of the obligation to 
dismantle the electric motors of hybrid electric and electric vehicles prior to the shredder. A 
more in-depth analysis (material flow analysis) should verify whether an obligatory 
dismantling of further smaller components would be justified. 

12.2.9 Large scale implementation 

The last step is the large scale implementation of the developed recycling schemes for the 
selected initial products. This step not only comprises the beginning of the rare-earth specific 
collection, pre-treatment, and recycling (refining plants in industrial scale) but also the 
monitoring of the performance, its optimisation and the outlook for widening the existing 
recycling scheme. To enable broader dissemination, the export of recycling technologies and 
the development of a wider product range might be considered. 
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Conclusion on the development of a recycling scheme 

Oko-lnstitut proposes the development of a recycling scheme based on the following 
steps prior to a large scale implementation: 

• A European Competence Network on Rare Earths with all relevant stakeholders 
such as recyclers, manufacturers, public authorities, politicians and researchers is 
seen as essential to successful implementation. 

■ Basic research is necessary, as only a few companies in Europe are involved in 
rare earth refining and processing at the beginning of the added-value chain. 

■ A European material flow analysis (MFA) is necessary in order to identify the 

main material flows and waste streams and the main manufacturers and actors in 
the added-value chain. Currently, national research institutions have to rely on 
knowledge and estimates from a few experts outside of Europe. j 

■ The next step is to identify initial waste streams on the pre-consumer and post- li 

consumer level, e g. waste from the magnet and lighting industry, neodymium j 

magnets from electric motors, used lamps and displays, re-use of large magnets ] 
and recycling of spent catalysts. i 

• The collection and treatment of many relevant wastes is already regulated by the j 

WEEE Directive, the ELV Directive and the Battery Directive. Thus, the collection j 
of rare earths containing wastes has to be specified and integrated in existing : | 
collection schemes. | 

• Large-scale R&D projects can develop pilot plants in order to learn about the ! 

complex chemical processes and the required sophisticated equipment i 

• Recycling plants bear high financial risks due to the required high investment and 

the high uncertainty of the future price developments of rare earths. Therefore, it j 
should be analysed whether the European Investment Bank (EIB) could reduce 
financial risks for investments in recycling. ] 

■ A recycling scheme of rare earths not only requires appropriate logistic and 
technicai requirements but also an appropriate legal framework. Hence, an 
important step will be to adapt the legal EU framework in order to optimise post- 
consumer rare earth recycling. 
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12.3 Strategy for enabling a more efficient use of rare earth and substitution 

The sectoral analysis as presented in the previous chapters has shown that the potential for 
an increase in the resource efficiency in the processing and the use of rare earth is quite 
different. It is likely that the knowledge and research on efficiency issues is not the same for 
all applications. 

Most available information relates to magnet production and magnetic applications. The 
analysis showed that the traditional production technologies usually have high material 
losses whereas newer sinter technologies have much better material efficiencies. The high 
prices and the expected shortages of the minor elements dysprosium and terbium lead to 
some research activities aimed at achieving a similar performance with less specific input of 
these very scarce elements. This example shows that the research into efficiency issues in 
this context is in early stages. This is not surprising as the applications themselves are 
mostly very young. In the past, the major aim has been to develop workable applications. 
Now, the next phase, which focuses on improvements and high efficiency rates, is beginning. 
The expected supply shortages even lead to serious considerations of how scarce rare 
earths can be substituted. According to the in-depth analysis presented in Chapter 10, 
alternatives seem to be feasible in some applications, whereas other sectors do not offer 
quick solutions. In most cases, rare earths cannot just be substituted by another element or 
another compound. Instead, the whole technical design of machines and applications has to 
be changed. For example, the alternative to an electric motor containing a neodymium 
magnet is an electric motor with a different mode of operation and a distinct design, which 
has specific advantages as well as disadvantages. 

The screening of the different applications (see Chapter 10) showed that further R&D is 
necessary to develop feasible technologies for rare earth substitution in the field of green 
technology and to achieve higher material efficiencies. 

The available information was the best for neodymium magnet applications such as wind 
turbines, electric vehicles, and hybrid vehicles and the Ni-MH batteries. The analysis showed 
that in principle alternatives are available. Nevertheless, intensive research is necessary to 
develop these alternative products in terms of high efficiencies, economic competitiveness 
and reliability. Examples are alternative electric motor types, operating either with traditional 
techniques which should be further improved or younger motor designs which need further 
research to reach the technical maturity for wider use. Another example is wind power. Here, 
geariess wind turbines using neodymium magnets still provide the smaller share of new 
installations. But a higher reliability is expected in large-size plants, particularly in off-shore 
plants. The main conclusion on these competing technologies is not to focus exclusively on 
the rare earth technologies but to work simultaneously on increasing the reliability of the 
traditional systems with gears and on improving the research of next generation technologies 
like high-temperature superconductors (HTS). 
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The analysis of the green technologies such as energy efficient lighting and catalysts showed 
in the first place that no fast solutions seem to be feasible without the use of rare earths. 
There are almost no options for alternative techniques which operate without rare earths and 
have an equal performance and economical competitiveness. Intensive research in these 
fields is highly recommended. 

Another aspect to be considered in the improvement of efficiency is the future role of 
nanotechnology. The application of nano-sized rare earth compounds are being considered 
in green technologies such as magnets, batteries, fuel cells, Hj-storage and catalysts. The 
principal aims, the improvement of energy efficiency or material efficiency, is desirable. In 
order to avoid negative secondary effects, Oko-lnstitut proposes the carrying out of a 
corresponding risk assessment. 

12.4 International aspects 

Besides activities within the EU which aim to promote the recycling and the efficient 
processing of rare earths and to improve research on alternatives for substitution, the EU 
faces a tremendous task in terms of action on the international level. Even if the recycling of 
rare earths (for example) succeeds in the medium term in the EU (this would be a real 
success and progress), the global demand for primary rare earths will increase up to 2020 
and beyond, driven by many applications in the field of green technologies. 

The development of a sustainable rare earth supply for Europe concerning environmental, 
social and security aspects requires solid international co-operation. Important partners for 
the EU to face this challenge are predominantly China, and Japan and the United States. 

In the next sub-chapters, selected potential international activities of the EU proposed by 
Oko-lnstitut are presented. 

12.4.1 Co-operation with China on sustainable rare earth mining 

Despite different new mining projects in other countries like USA, Australia etc., China will 
remain the world's largest producer of primary rare earths for the next decade at least. 
China’s authorities are well aware that China is facing many challenges with regard to its rare 
earth mining and processing industry, which require a lot of investments, human resources 
and capacity building. Having examined the official Chinese government plans for the rare 
earth industry for the next years, this conclusion is well-founded and clear. Europe has a 
well-regarded knowledge and technology base and much experience in the field of 
environmental protection (e.g. decontamination of soils, landfills, mining areas, groundwater 
protection etc.) which should be offered to China to enable a fruitful and fair co-operation 
between the EU and PR China in the field of rare earths. The idea is to offer China a 
partnership: an exemplary re-cultivation of a large rare earth mining site in China on the one 
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hand and an export of a certain amount rare earth compounds extracted and processed from 
this mining site to the EU on the other hand. 

Such an EU-Chinese partnership on rare earth mining could include the following aspects: 


■ Signing of an official large framework agreement between the EC and the Chinese 
government, 

■ Installation of a common expert round table to define and select the first common 
project in practice: selection of an appropriate rare earth mining and processing site, 

■ Line-up and schedule for common activities, e.g. the enhancement of recovery rates for 
rare earths (mining and processing), reduction of environmental pressures from former 
mining activities (remediation of contaminated sites); assessment whether a second 
treatment of tailings (extraction of remained rare earths in the tailings) could be 
promising, reduction of environmental pressures of the current and future mining, 
concentration and processing activities, etc., 

■ Definition of the practical steps in detail: negotiations about the contribution of European 
experts, institutions and companies, 

• Agreement about the co-funding of investments by the EC, 

■ Agreement about the amount of rare earth exports to the EU, 

■ Outlook for further EU-Chinese projects within the partnership on rare earths. 

The basic idea is to support China, which has supplied the world economy with rare earths 
for many years, to improve its rare earth industry in facing the challenges of the years ahead 
relating to the development of a sustainable rare earth economy. 

12.4,2 Promotion of environmentally-friendly mining 

The analysis of the environmental impacts from rare earths mining and processing as 
presented in Chapter 7 shows the high environmental burdens of mines which are not 
equipped with adequate environmental techniques. The high pressure on the opening of new 
mines by the steeply increasing demand raises the concern that new mines outside of China 
could be opened which do not keep minimum standards. 

At the same time, the comparably young sector of rare earth mining and processing provides 
an opportunity to build up the new mining activities based on the experience of decades of 
mining of other metals. In these decades, environmental technologies have been developed 
after experiencing environmental hazards and health impacts. Today, these environmental 
technologies are available and should be strongly applied. An additional opportunity is 
provided by the fact that all future mines need completely new approvals; there is no reason 
for weakening environmental standards as is often practiced for existing installations. 
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As Europe uses a high share of rare earth in green technologies, it should consistently 
promote and support environmentaiiy-friendly mining by means of its political instruments 
and its diplomacy. Chapter 4.3 provides some figures on the economical contribution of the 
mining to the added-value chain. It shows that the financial contribution from mining and 
beneficiation is smaller than the contribution from further processing. This implies that higher 
costs of an environmentally sound mining will not lead to significant price increases of rare 
earth compounds. This implies that higher costs of an environmentally sound mining will not 
lead to relevant price increases of rare earth compounds. When considering further that rare 
earths are usually found in very low concentration in final products, the consumer prices will 
probably not be seriously affected by higher costs resulting from environmentally sound 
mining. 

During the last decade, manifold initiatives aiming at a sustainable mining have been 
developed. In the political arena and in industry there has also been increasing interest in the 
certification of sustainable raw materials (Manhart 2010), It should be discussed how rare 
earth mining can be integrated in existing schemes or whether an additional initiative 
specifically promoting “green and social rare earth mining” might be helpful. In order to give a 
picture of the wide range of approaches, selected initiatives on sustainable mining are 
summarised below (BGR 2007): 

■ The German Federal Institute for Geosciences and Natural Resources (BGR) developed 
in cooperation with authorities in Rwanda and Democratic Republic of Congo pilot 
projects on certified trading chains on tin, tantalum, tungsten, gold and coltan (BGR 
2010b). 

■ The German Federal Institute for Geosciences and Natural Resources (BGR) developed 
an analytical fingerprint (AFP) which is able to determine the origin of a specific ore. The 
basic principle is that each deposit holds a specific “fingerprint” which can be detected in 
the laboratory not only for concentrates but also for refined products. BGR developed the 
AFP for tantalum (coltan) concentrates (BGR 2010b). There are further AFP activities for 
gold, platinum group metals, copper and cobalt (BGR 2007, BGR 2010b, Perelygin et al 
2008). 

• The Kimberley process - a co-operation of 71 nations - resulted in a certification system 
for diamonds and the implementation of a related EU directive. The major aim is to ban 
imports of diamonds whose revenues are used to finance civil wars. 

• The International Council on Mining and Metals (ICMM) established in 2001 comprises 
18 mining and metal companies as well as 30 mining associations and global commodity 
associations. Its aim is the sustainable development in the mining sector. 

• The International Cyanide Management Code (ICMI) is an initiative for the certification of 
the gold mining industry with the aim of an environmentally sound handling of cyanide. It 
holds 28 members which covered around a third of the industrial gold production in 2006. 
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■ The Green Lead project with co-operation from UNEP, national authorities and mining 
industries aims at the certification of lead-acid batteries which meet criteria concerning 
environment, health protection, work safety and social responsibility. 

■ The Initiative for Responsible Mining Assurance (IRMA) is a multi-sector effort, launched 
in Vancouver, Canada, in June 2006, to develop and establish a voluntary system to 
independently verify compliance with environmental, human rights and social standards 
for mining operations. Its target is mainly the mining for jewellery manufacturing. 

■ There are numerous initiatives focused on small-scale mining of diamond, gold and 
platinum. 

Today’s mining companies could be interested in a certification scheme or similar co- 
operations as a large number of mining projects are being planned. The worst case would be 
that technologically advanced mines would have to close again when other mining operators 
start to supply cheaper “dirty" rare earths. Therefore, the promotion of environmental sound 
mining is an international issue of tremendous urgency. One component of a certification 
scheme could be the analytical fingerprint which can be used to identify the origin of minerals 
if other control mechanisms prove to be insufficient. 

'12.4.3 Supporting sustainable development in Greenland 

One selected example of environmental concern is the intended joint mining of rare earths 
and uranium from the Kvanefjeld deposit in Greenland which was described in Chapter 7.4.4. 
The prefeasibility study formerly launched by Danish authorities and the current project 
scheme which envisions the inlet of radioactive and toxic tailings in a natural lake with 
connection to sea water raises the concern of potential high environmental hazards 
concerning the lake, its surroundings and maritime waters, even if waste water treatment 
technologies are installed. 

At the same time, the deposit contains high shares of the most scarce heavy rare earth 
elements (HREE); high profits are expected. Therefore, Oko-lnstitut highly recommends that 
Europe appeals clearly to the Greenland authorities to act carefully and responsibly. 
Furthermore, the co-operation agreement between the government of Greenland and the 
European Environmental Agency (EEA) signed in November 2010 should support a 
responsible course of action within this project. 
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Conclusion on recommended international activities 

Concerning international activities, Oko-lnstitut proposes three selected activities: 

■ Oko-lnstitut proposes an EU-China co-operation on sustainable rare earth mining 
and processing which could be designed as a large-size co-operation which focuses 
on the sustainable mining of rare earth at one specific site with the aim of optimising 
the efficiency, the environmental performance, remediation of contaminated sites 
and a potential recovery of rare earths from old tailings. The EC could supply co- 
funding and expertise, and China would agree on a defined amount of rare earth 
supply 

■ Green technologies call for “green metals’, and Europe should support sustainable 

mining. There are manifold initiatives for sustainable mining and certification 
schemes addressing social and environmental aspects. Today's mining companies ■ 
are showing increasing interest in certification schemes or similar co-operations with j 
EU participation in order to highlight their environmental efforts. ! 

■ The high pressure on the opening of new mines brought about by the steeply i 

increasing demand raises the concern that new mines outside of China could be j 

opened which do not keep minimum standards. One case in point could be the j 
Kvanefjeld deposit in Greenland where the residues from the ore concentration | 
(tailings) shall be stored in a natural lake with connection to the sea. The EU and the I 

European Environmental Agency (EEA) should appeal clearly the Greenland f 

authorities to act carefully and responsibly. / 
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ABSTRACT; End-of-ltfe recyding is promoted by OECD iOWWeS as a . 3 t -- REp Remand: from Recycling PoteinW 

promising strategy in the current global supply crisis surrouriiEngtare earftj - PowmSimyciihg supply raiio 

elements (REEs) so that dependence on China, the dominant supplier, can 3 J':-, ... Ncodvmiom. 

be decreased. So far the feasibility and potential yield of REE recycling has - j. 

not been systematically evaluated. This paper estimates the armual waste o j • 

flovre of neodymium and dysprosium from permanent magnets, the main | ; 

deployment of these critied REEs, during the 20U~2030 period. The I . 
estimates focus on three key permanent magnet waste flows: wind turbines, q , 1 . 

hybrid and electric vehicles, and hard disk drives (HDOsil-dn personal sj; .ji 

computers (PCs), This is a good indication of the end-of4ife recycling of 
neodymium and dysprosium waximwm pofcnfifll yfeW. Results show that for 
som? time to come, waste flows from permanent magnets will remain small relative to the rapidly growing i^bbal REBtkmand., 
Policymakers therefore need to, be aware that during the next decade recycBt^ is unlikely to substantially contribute to, global , 
PBE supply security. In the long te^ will increase sharply and will meet a substantial parL,pfrthe t6t{d demand for 

these m,etals. PUture REE recytiii^ efforts should, therefore, focus on the development of recycling technology arid infrasttucture. i 






1. INTRODUCTION 

The rare earth elements (REE) group consists of yttrium, the 
lanthanides series and, in some deflnitions, scandium. Their 
unusual magnetic and optical properties make them crucial to a 
variety of highly technological applications, Kingsnorth’s supply 
demand statistics indicate that "the supply and demand for 
individual REOs is not in balance" and that at least until 2020 it 
will remain so with shortages for neodymium (25%), 
dysprosium (23%), terbium (29%), and erbium (39%). Other 
REEs will be in excess,’ The imbalance is partly caused by 
relatively low occurrence of certain REEs in mineral deposits 
versus higher occurrence of other REEs. Furthermore, with an 
86% share of production in 2012^ and various announced 
export quotas’ China dominates the REE market. Fifty percent 
of the global REE reserves are in China.^ With current and 
forecast supply shortages, and the geopolitical situation 
resulting from limited Chinese exports, REEs have a high 
“supply risk”. This, along with their importance in various clean 
and high-tech applications, has led the EU and the U.S. to label 
certain REEs, such as neodymium and dysprosium, "critical” 
metals.^'"* Recycling is often cited as one of the ways of reducing 
REE criticality. 

The focus in this article is on high-performance sintered 
NdFeB magnets that deliver high levels of magnetic strength in 
relatively compact siaes. NdFeB magnets were first imple- 
mented in the i980s and have become essential in applications 


crucial to the transition to a low-carbon economy. In 2008, rare 
earth permanent magnets (REPMs) accounted for 21% of all 
REE use in terms of volume and 38% in terms of value^ and 
constitute the most important REE application with anticipated 
supply issues. At 10--15% per annum between 2010 and 2015, 
the highest expected growth rate of REE applications will be 
from NdFeBs."^ 

All NdFeB magnets contain neodymium (Nd). Sometimes 
terbium (Tb) is also added. Dysprosium (Dy) is introduced 
when it is necessary to increase the operating temperature.’ 
Praseodymium (Pr) is generally added to replace neodymium 
at a lower cost. These are all considered "critical metais”. REE 
supply risks negatively impact the development of certain 
NdFeB applications, such as direct-drive wind turbine 
generators and high performance electric motors in hybrid 
electric vehicles.® At present NdFeB magnets cannot be 
substituted by other permanent magnets without some 
performance loss,’ NdFeB magnets contain high concen- 
trations of rare earths (see Table l) from the magnets 
themselves. 
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Table 1. Key Assumptions in the Calculation of EOL REPMs Flows from Wind Turbines, Automotive Technology, and HDDs 
in PCs.'’ 


automotive 


HDDs 


assumption 

percentage of sales or installed capacity that contains REPMs (%) 

mass of REPM (kg) 
composition^ {%) 
lifetime'’ (years) 

collection rate (%) 


wnd turirines 

(P)HEV 

EV 

desktop 

portable 

2010: 10 

100 

100 

100 

2010: 100 

2020: 22.5 




2020: 58 

2030; 30 




2030: 14 

700 

<2008: 0,65-1.24 

1.05 

0.0015 

0.002 


>2008: 1.02 




Ni 29 

Nd: 29 

Nd: 29 

Nd: 29 

Nd: 29 

Dy: 6 

Dy: 9 

Dy: 9 

Dy: 0 

Dy: 0 

regular 20 
lepowwing: 12 
incL refurbishment: IS 

16 

16 

10 

6 

100 

100 

100 

50 

SO 


“Refer to section B of the SI for more input data. ^TTie neodymium content in the composition of the magnets is the sum of Nd and Pr. ‘^HDDs: 
including hibernation period. 


1 HDDs in PCs | 


© 



Figure 1. Calculation naodel for EOL potential of REO in REPMs in HDDs in PCs. 


Their recycling is potentially technically feasible if efficient 
physical dismantling and separation techniques, and metal- 
lurgical separation and refining methods, are available in the 
future. No commercial recycling exists for rare earth.s derived 
from end-of-life (EOL) NdFeB magnets’^ nor for other rare 
earths derived from other EOL products.” Industrial recycling 
only exists for REE recovery from manufacturing scrap and 
waste. ' This is mainly due to the relatively low prices of 
REEs in the past and the complex and dissipative use of REEs 
including the permanent REE magnet (REPM). There was 
simply no incentive in the past to develop industrial recycling 
technologies. Supply issues and in particular sharply rising 
prices for most REEs in recent years have created new REE 
recycling incentives, also economically. 


However, REE recovery from NdFeB magnet scrap, mainly 
for relatively clean scrap, is being broadly investigated. Various 
separation and extraction technologies: hydrometallurgical, 
pyrometallurgical, electrochemical, and combinations of these, 
are being explored. For more detailed information on 
metallurgical recycling methods, see recent review articles.' 

Recycling can potentially reduce dependence on virgin 
production*'* while altering the geographic distribution of 
REE supply. In 2007, the global in-use stocks of the rare earth 
elements Nd, Pr, Dy, and Tb in NdFeB magnets in computers, 
audio systems, wind turbines, automobiles, household 
appliances and MRJ was estimated to be 97 Gg; four times 
the extraction level in that year.'^ These in-use stocks indicate 
opportunities for recycling in general but do not specifically 
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quantify that potential. In the current literature there are no 
estimates concerning future end-of-life (EOL) K£E flows.*’’ 
Such quantification of future EOL flows is, however, the basis 
upon which the potential of a recycling strategy to reduce REE 
criticality can be assessed. 

Du and Graedel estimated that in 2007 computer, wind 
turbine and automotive applications accounted for 66% of all 
NdFeB use,‘'^ This represents the bulk of all NdFeB use. Over 
80% of the REE content in NdFeB magnets in the above- 
mentioned ^plications is in the form of neodymium and 
dysprosium*® so considering these elements accounts for a 
substantial portion of NdFeB use. In terms of annua! 
production data, in 2008 NdFeB magnets accounted for 76% 
of Nd use, 73% of Pr use, i00% of Dy use, and 11% of Tb 
use.*^ In this article, we estimate the future annual EOL flows 
and in-use stocks of neodymium and dysprosium in NdFeB 
magnets in wind turbines, electric motors in hybrid and electric 
vehicles, and hard disk drives in PCs between 2011 and 2030. 

By quantifying the recycling potential, the results of this 
research will contribute to recycling in order to reduce REE 
criticality. Not only the data, but also the general trends in 
recycling will influence strategies on REE criticality, 

2. METHODOLOGY 

The metal life cycle consists of four principal stages or 
processes: extraction, fabrication and manufacturing (F&M), 
use, and waste management and recycling (WM&R).*® These 
stages foiTn the basis to material flows analysis (MFA). In this 
researdi, the inflow in finished products was taken as a starting 
point and transformed to forecast end-of-life flows that enter 
the WM&R stage. All forecasts were performed on two 
geographical scales: global and EU-27. This article mainly 
presents global results. Outcomes for the EU-27 are attached in 
the Supporting Information (SI) in sections Cl and C2. The 
forecast EOL flows are presented in terms of REO content 
(Nd 203 and Dy^Oj), which is a common form when trading 
rare earth elements as commodities. Here these oxides are 
simply referred to as neodymium (Nd) and dysprosium (Dy). 

Figure 1 illustrates the EOL flow model predictions. 
Examples and data are given in brackets. The methodology is 
explained by discussing the forecast EOL hard disk drives 
(HDDs) from PCs. The calculation model for Wind turbines 
and Automotive motors is attached in the SI (Figure SI and 
S2). Tbe key assumptions are elucidated in Table 1 and section 
2.3. 

2.1. Inflow in Finished Products. The data on unit sales 
(automotive, HDDs in PCs) and newly installed capacity (wind 
turbines) comprised the main input and was based on industrial 
reports, sales forecasts and expert opinions. 

A technological type distinction was made for automotive 
(plug-in hybrid electric vehicles and hybrid electric vehicles 
versus full electric vehicles) and HDDs (desktop versus 
portable). The data were then translated to neodymium and 
dysprosium content that enters the in-use stock. 

In Figure i, the inflow into finished products is based on a 
“baseline" sales forecast (A).'’’’ To determine the composition 
of the forecast waste streams, the percentage of desktop and 
portable PCs in the total sales (B) was extended to overall PC 
sales forecasts (A). EOL flows from portable and desktop PCs 
are calculated separately, because they have a different lifetime, 
rate of adoption of solid state drives (SSD), and REPM mass 
per unit product. The number of HDD-based desktops and 
portables (tablets excluded) is obtained by multiplying the 
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forecast unit sales with the percentage of PCs that contain 
HDDs (C for desktops and D for portables). HDDs in other 
applications, such as data centers, are not included in this 
analysis. Multiplying the amount of HDD in desktops and 
portables by the REPMs mass per FiDD (E for desktop, F for 
portable) results in the total amount of REPMs in the sold 
desktops and portables. Lastly, the inflow of neodymium and 
dysprosium into finished products is obtained by multiplying 
the total REPM mass by the composition (I) and converting 
the mass to the oxide equivalent: NdjOj. 

2.2. End Of Life Stage. The EOL flows in the WM&R 
stage were calculated on the basis of the flows into use and the 
lifetime of the applications. Export and reuse were also 
considered. 

In Figure 1, the HDDs leave the in-use stock as EOL flows 
into the WM&R stage after a certain average lifetime (G). A 
part can be exported for reuse and informal recycling (H). The 
remainder Q) forms a waste stream of EOL desktops and 
portables. The maximum recycling potential is the share (K) 
that is collected for recycling from the waste stream of EOL 
flows. The collection rate is defined as the number of collected 
EOL HDDs from PCs, divided by the number of generated 
EOL flows from HDDs in PCs in that year. 

2.3. Key Assumptions. Table 1 lists the key assumptions of 
this study. More input data can be found in the Si (section B). 

Three scenarios were created, based on varying assumptions 
(SI section B4). The lower bound scenario assumed that 
growth would be slower both in applications (e.g,, installed 
wind power) and REPMs in those applications (e.g., lower 
percentage of REPM-based turbine models). With the upper 
bound scenario, the opposite applied. Differences in collection 
rates were also accounted for. In this article the midrange 
scenario (i.e., baseline scenario) is presented. The lower-bound 
and upper-bound scenarios are attached in the SI (section B4 
and C3). 

The historic and forecast data of installed wind capacity were 
based on Global Wind Encr^ Council*’’’’^ and European Wind 
Energy Association reports?*'^^ The automotive forecast was 
mainly based on two reports: one by the global marketing 
information services company J.D, Power^^ and one by the 
global management consulting firm McKinsey & Company. 

In ail three cases, there is a degree of uncertainty about how 
the industry will develop. The development of wind energy is 
embedded in a complex interplay of policy making, 
technological development, the economic climate and global 
events that influence public opinion (e.g., the Fukushima 
disaster). Similar factors shape the development of hybrid and 
electric vehicles, the main difference being the role of 
consumers, since vehicles are typical consumer products. The 
PC market is characterized by rapid and unforeseen develop- 
ments (e.g., the success of tablets and solid state drives), as is 
typical in much of consumer electronics. 

Uncertainties in technological development were analyzed on 
the basis of research reports, news articles, and expert opinion. 
Some of the issues related to the use of REPM magnets in wind 
energy technology are: certain producers, notably the German 
Enercon, produce non-REPM-based direct drive generators 
without performance loss; REPM-based direct drive generators 
are viewed as a new technology, which brings risks to 
investors,^' engineers are reducing the need for dysprosium 
by using air-cooling;^*^ finally, current and forecast REE supply 
issues bring risks for the manufacturing and maintenance of 
REPM-based wind turbine generators thus creating oppor- 
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tunities for other technologies. In the automotive industry, 
there are no commercially available substitutes for REPM-based 
electric motors that do not have significant performance losses. 
Research into non-REPM-based induction motors has however 
been announced and some success has been claimed. In the 
HDD market, the influence of tablets on PC sales and the rate 
of implementation of the SSD in PCs are the main 
uncertainties. However, SSDs are expected to remain a more 
expensive storage medium. The impact of SSDs on HDD 
demand is, therefore, dependent on the future storage capacity 
requirements of PCs.^® On PC sales, a lower bound scenario 
was performed (section B4 and C3 of SI). 

The exact composition of NdFeB magnets dilfers per 
application. There is no clear composition data uniformity. 
The low neodymium estimate is 20%.’^ Estimates made by 
Shin Etsu, Great Western Minerals Group, Technology Metals 
Research and Avalon Rare Metals range from 28% to 31%.^^ It 
should be noted that in most applications, the NdFeB magnet 
also contains certain amounts of praseodymium (Pr), a cost- 
effective neodymium replacement with no significant perform- 
ance penalties. The extent to which praseodymium is added is 
strongly influenced by price-developments and differs per year 
and producer, In our calculations, the Nd figures are the sum of 
Nd and Pr as listed in Table i. We assumed the neodymium 
content to be 29%. The dysprosium content in NdFeBs per 
application is presented in Table 1.^^ 

The collection rate is accounted for in the quantification of 
the recycling potential. For current rates, published statistics 
were our main source. For future collection rates we have taken 
the maximum feasible collection rate to obtain a maximum 
recycling potential. We have based our estimates on policy 
targets and educated guesses in line \vlth the criteria influencing 
collection. One important criterion was the producer— user 
relationship, where a business-to-business relationship proved 
advantageous for collection rates.^° The collection rates of 
industrial goods tend to be higher in business-to-business 
relationships, because of stakeholder awareness, limited own- 
ership changes, use location, and economic recycling 
incentives." 

2.4. Metrics and Terminology. To gauge the significance 
of the forecast EOL quantities as a supply source they need to 
be related to new metal production. The recycling input rate" 
provides such a gauge and also includes factors such as new 
scrap recycling not included in this research, while “potential 
recycling supply ratio” (PRSR) is used here as an indication of 
the old scrap recycling potential: dividing collected EOL 
quantities in year x by the inflow of metal for newly finished 
products in that same year x: 

potential recycling supply ratio (PRSR) 

_ REO in collected EOL flows 
REO demand 

The PRSR defined here is the "static” potential recycling 
ratio.^' It compares the collected EOL products or scrap that is 
ready for recycling with the total production or demand for 
such metal in the same year. By contrast, a dynamic PRSR 
would compare the collected EOL products or scrap in a 
certain year to the total demand in the year of manufacturing of 
the EOL products, there is more than one type of 

product and with very different life cycles — like a combination 
of REPM scrap from wind turbines, automotive motors and 
computer HDDs, it becomes impossible to use “dynamic” 


PRSR to quantify the total recycling ratio for a specific metal. 
When predicting the present and future potential recycling rate, 
“static” PRSR gives a better quantification of how important the 
recyded materials are compared to total demand at any time. 
Since it gives a more direct comparison for market demand 
than the inherent source of EOL products, static PRSR is used 
in this article to quantify the recycling potential. 

“REO demand” is the term to indicate the REO content of 
newly finished product inflow. When REO content in collected 
EOL flows becomes input in finished products, there will be 
effidency losses during the new metal production stage. Ideally, 
these losses are accounted for in the PRSR. However, due to an 
absence of accurate data on this process, these losses are not 
included. If they were included, either a lower amount of EOL 
flows would remain after new metal production, or a higher 
‘REO demand' would be needed as new metal production 
input. Either way, the actual ratio lowers proportional to the 
efficiency ratio of the new metal production process. This ratio 
is further lowered by losses in the preprocessing and end- 
processing of EOL products. These losses are not included as 
the practice of preprocessing and end-processing is still in an 
eariy stage of development and efficiencies of possible 
processes vary widely. When the EOL product collection rate 
increases, the PRSR increases proportionally. 

When interpreting the data, it should be remembered that 
the PRSR will be lower, proportional to efficiency losses in new 
metal production and preprocessing and end-processing in the 
end-of-life stage. 


3. RESULTS 


Figure 2 shows that in the short term (<201S), the global 
recycling of 0.5 Gg neodymium from EOL wind turbine 



Figure 2. Potential recycling supply neodymium [Global, NdFeB 
magnets only]. 


generators, hybrid and electric vehicles, and HDDs in PCs 
potentially covers 11 — 15% of the total REO demand. For 
dysprosium this is 0% (Figure 3), as EOL HDDs do not 
contain dysprosium and REPMs fi:om wind turbines and hybrid 
or electric vehicles will not yet have entered waste streams. In 
the midterm ('"'2020), the sharp increase in the REO demand 
results in a lower PRSR: five percent for neodymium and 
around one percent for dysprosium. The forecast for total 
quantities in 2020 are 0.45 Gg for neodymium and 0.01 1 Gg for 


10132 


dx.ctoUirg/10.l021/es305007w I Environ. .W. TecAnoi. 2013, 47, 1O129-10136 



327 


Environmental Science & Technology 


Policy Analysis 



Rr.O Dcnisinil: from Rccjcling Poientia) Dysprosium 
RliO Demand: from Virifin Dysprosium 
" ■ Potential rvcycling supply ralio Dysprosium |Hasclii\ej 

Poicnlial recyclinij supply ralio Dysprosium {Lower /Rnindj 

Poieniial rceyciiiig supply ralio DysprnxUim jl'ppcr Bound} 


Figure 3. Potential recycling supply dysprosium [Global, NdFeD 
magnets only]. 


dysprosium. In the long term, up to 2030, potential recycling 
quantities will increase sharply, as will the PRSR. By 2030, 
recycling should deliver over 2.2 Gg neodymiium: nine percent 
of the REO demand. For dysprosium, the forecast supply from 
recycling 0.46 Gg by 2030 could result in a PRSR of 7%. In the 
lower bound scenario, for both neodymium and dysprosium a 
lower REO demand results in a higher PRSR that becomes 
significant (>20%) in the long term, 

Figure 4 shows the potential recycling quantities of 
neodymium and dysprosium by source, Until 2020, EOL 


Neodymium Recycling Potcnlial: Automotive 
Neodymium Recycling Potential; Wind 
a Neodymium Recycling Poientia!; HD!) 

■ Dysprosium Recycling Potential: Automotive 
»• Dysprosium Recycling Potcmial: Wind 


lii-U 


lUhU:kUUlliIi 


Figure 4. Global potential recycling supply neodymium and 
dysprosium by source [wind, automotive and PCs, NdFeB magnets 
only]. 


HDDs will be the main source for the recycling of neodymium. 
Due to their long lifetimes, it will not be until the late 2020s 
that wind turbine and hybrid vehicle recycling will slowly 
become a dominant source. Dysprosium will follow a similar 
trend. 

Table 2 lists the data behind Figures 2—4. It adds data on 
how the potential recycling quantities per source relate to the 
REO demand of each source. It is clear that with neodymium 
the forecast amounts of EOL HDDs have the potential to 
supply around 50% of the required REO for new HDDs. This 


might create incentives for individual HDD manufacturers to 
collect and recycle EOL HDDs. 

The analyses were also performed at EU-27 level. Recycling 
potential is especially important to the EU-27, as it is a region 
that typically consumes a large volume of products containing 
REEs but has few natural resources. Figure 5 shows the 
potential recycling results for neodymium in the EU-27, in 
comparison to the global scale. More EU-27 results are 
provided in Section Cl and C2 of the SI. 

The potential recycling quantities follow a similar trend 
within the EU-27 to a global level. In the long term (2030), the 
potential recycling supply ratios should be slightly lower. Until 
2020, the global REO demand will rise at a higher rate than 
within the EU-27, which results in a slightly higher EU-l? 
recycling supply ratio. This difference can be ejqtlained by the 
influence of the rapidly growing developing countries largely 
outside the EU-27, 

With neodymium (see Figure 6), the in-use stock is steadily 
increasing. The constant upward trend indicates a further 
increase in EOL flows after 2030. A similar trend is found for 
dysprosium (Figure SI 1 of the SI). Until 2015, HDDs comprise 
a dominant part of the neodymium stock. From then onward 
wind turbines and the automotive sector become dominant 
categories. 

The estimated global in-use stock of 11 Gg neodymium in 
2011 is significantly lower than the estimated amount in 
previous research of 41 Gg neodymium (equivalent to 48 Gg 
neodymium-oxide) for “wind turbines”, “automobiles”, and 
“computers” in 2007.’® WTtereas Du and Graedel took Chinese 
production data on NdFeB magnets as their basis for 
calculations, we took the actual shipment and placement of 
applications as our premise. 

In theory, the results of both approaches are expected to 
match. Differences within the product category definitions 
could partially account for the difference in results. 

Quite how one can account for the difference remains 
unclear. The results therefore require detailed discussion. The 
modeling in this research was kept relatively straightforward 
and the input data fully transparent, thus making the results as a 
whole transparent to facilitate such discussion. 

4. DISCUSSION 

If climate change is to be tackled, society will need to switch in 
the next three to four decades to a carbon-lean energy system. 
Rare Earth Elements play a crucial part in this transition as they 
are vital to many high tech and especially green tech products 
and services including wind turbines, hybrid and fully electric 
vehicles and highly efficient lighting systems including LED. 
The supply of these materials is constrained by several factors. 
Although new operations are starting up worldwide, both the 
mining and the processing of these materials is still dominated 
by one single country: China. Furthermore new mining and 
processing operations are technically difficult, capital-intensive 
and commercially risky to initiate, and finally, REE recycling 
from postconsumer waste is still negligible. Increasing the 
postconsumer waste recycling rate is often advanced as one of 
the ways to reduce dependence on virgin production. 

This study has explored EOL NdFeB magnet recycling in a 
bid to reduce the criticality of rare earth elements. The focus 
was on neodymium and dysprosium recycling from NdFeBs in 
three main REE applications; wind turbines, hybrid and electric 
vehicles, and HDDs in PCs. 


10133 


dK.doi.org/10.l021/es30S007wifnwron. Sri. Technol- 2013, 47, 10129-10136 



328 


Environmental Science & Technology 


Policy Analysis 


Table 2. Neodymium and Dysprosium Recycling Potential for REPM Magnets from Wind Turbines, Automotive, and HDDs 
(Globa!) 



2011 


2015 

2020 


2025 


2030 



quantity 

PRSR" 

quantity 

PRSR" 

quantity 

PRSR^’ 

quantity 

PRSR" 

quantity 

PRSR'’ 


(Gg) 

{%) 

(Gg) 

(%) 

(Gg) 

(%) 

(Gg) 

(%) 

(Gg) 

(%) 

wnd (Nd) 

0 

0 

0 

0 

0 

0 

0,08 

1 

i.O 

10 

wind (Dy) 

0 

0 

0 

0 

0 

0 

0,02 

1 

0.21 

10 

automotive (Nd) 

0 

0 

0 

0 

0.04 

1 

0,23 

3 

0,83 

6 

automotive (Dy) 

0 

0 

0 

0 

0.01 

1 

0.07 

3 

0.25 

6 

HDDs (Nd) 

0.34 

43 

0.47 

64 

0.41 

54 

0.38 

40 

0,38 

36 

total (Nd) 

0-34 

IS 

0.47 

!! 

0.45 

5 

0.69 

4 

2.2 

9 

total (Dy) 0 0 

‘'PRSR= Potential recycling supply ratio (as 

0 

defined in 

0 

section 2.4). 

0.0! 

0 

0.09 

2 

0.46 

7 



Figure 5. Potential Recycling Supply neodymium [global and EU-27, 
NdFeB magnets only], 


250 

200 


WiiKi 

Aoiomolivo 

HDD 

«-*f<KO Demand: Neodymium 


sB !50 
§ 100 
50 

0 



>> O O >> nJ’ 'S’ ^ 'P* nte -A ^ ^ 


Figure 6. In-use stock and demand neodymium [global, NdFeB 
magnets onlyj. 


With the sharp increase in REO demand for emerging 
technologies, the potential recycling supply ratio for neo- 
dymium will drop to five percent toward the year 2020, udiereas 
for dysprosium it will remain zero percent. Sharply increasing 
the potential recycling quantities and high in-use stocks will, in 
line with conclusions from previous research, bring 
significant recycling potential in the long term (2030). 


Results indicate that worldwide the recycling potential for the 
coming decades is limited when compared to the demand for 
finished products. Because of the low waste volumes, the 
advantages in economies of scale of recycling are unlikely to be 
achieved. The absence of mature processes for preprocessing 
and end-processing further reduces the current recycling 
potential. However, the forecast EOL volumes do offer 
opportunities for developing recycling technology through 
pilot projects. Such pilot projects will, in the long term, help to 
build a recycling industry for handling larger volumes. 

Since the beginning of this decade, global governments and 
industries, in particular in Europe, Japan, and the U.SA., have 
started to invest in developing REE recycling technology from 
the whole value chain perspective by increasing collection rate, 
improving physical separation efficiency, developing efficient 
metallurgical processes for recovery and refining REEs from 
potential secondary REE resources. The NdFeB magnet is one 
of the most important secondary resources for neodymium and 
the sole recycling source for dysprosium. Promising techniques 
are being developed, such as the successful powdering of 
NdFeB through hydrogen separation at room temperature and 
atmospheric pressure (decrepitation) to subsequently produce 
new sintered NdFeB magnets.^^ 

For consumer products, one recycling challenge is the 
physical dismantling and up-concentration of small NdFeB 
magnets in diversified scrap. REPM in wind turbines and EV/ 
HEV vehicles is much more easily dismantled and physically 
up-concentrated, and even reuse is possible after refurbishing. 
In general, efficient metallurgical separation and refining 
processes remain the main challenges. It is estimated that 
approximately five to ten years is required to set up a recycling 
practice.**^ Policy makers should therefore also explore other 
REE criticality reduction strategies, such as substitution and 
supply route diversification. 

The presented results indicate a gener^ trend that is typical 
for the emerging technologies metal market: sharply increasing 
demand and an EOL time-lag. Recycling will only become a 
significant lever after the time-lag and demand has stabilized. 
That does not, however, imply that there is no recycling 
potential for certain specific applications, actors (e.g., HDD 
producers) or regions (e.g., EU-27). In the latter case, it can 
decrease dependency on virgin materials or even create a 
surplus, given the fact that the REO content in collected EOL 
flows and the REO demand are not evenly distributed in 
geographic terms. 

In this research the recycling potential was not calculated for 
audio systems, although they represented 24% of the in-use 
stock of Nd and Dy in NdFeB magnets in 2007.'*^ Adding audio 
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systems to the calculations could increase the forecast EOL 
flow totals but would not alter the main time-lagged EOL flow 
trends that the scenarios show. 

Comparing the amount of REO in EOL flows to the demand 
for REO indicates the potential significance of recycling. Two 
important factors were excluded: first that REO that can be 
retrieved from EOL flows will be lower due to losses during the 
preprocessing and end-processing of old scrap. Second, there 
wl! be losses when manufacturing products containing REE. 
These losses were not included in our future REO demand 
calculations, so that the potential recycled material contribution 
to the total supply will be lower than estimated in this study. 
This further supports the main conclusion of this research 
concerning the limitations of recycling as an REE criticality 
reduction strategy. 

We have presumed that growth in demand will not be 
influenced by supply constraints, flowever, supply constraints 
are forecast and could reduce demand when substitute 
materials and technologies are developed. Examples are 
NdFeB-free electric motors for use in cars and wind turbines 
with air-cooling, which reduce operating temperature and thus 
the need to add dysprosium to the NdFeB magnet. 

Simply having a recycling strategy is unlikely to solve rare 
earth element supply chain issues. Billion dollar industries that 
rely on relatively small REE industry for primary supplies, 
depend just as much on subsequent steps in the REE supply 
chain. This is especially important since one country (China) 
dominates all subsequent steps in the REPM production chain.^ 
Therefore, a recycling strategy should preferably be placed in 
the broader strategy of developing an industry in the smelting 
and refining of REOs, the fabrication of alloys and powders and 
the manufacturing REPMs. 

Further research should focus on extending the forecast EOL 
flows to encompass more applications and on fine-tuning key 
assumptions through expert discussion and detailed industrial 
research. In our research, different key assumptions concerning 
lower-bound and upper-bound scenarios did not lead to 
divergent conclusions. Furthermore, in a more regional and 
dynamic mass flow analysis the EOL flows can be compared to 
actual regional REO consumption, rather than to the REO 
content in applications shipped in and out of regions. A 
regional potential recycling supply ratio could then be 
established to provide more specific data for policy makers. 
Finally, an option that deserves more attention is the possibility 
of storing certain EOL products with NdFeB magnets for future 
recycling when total volumes, REO prices and the state of 
recycling technology improves. 
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Summary 

The recycling of metals is widely viewed as a fruitful sustainabil- 
ity strategy, but little information is available on the degree to 
which recycling is actually taking place. This article provides an 
overview on the current knowledge of recycling rates for 60 
metals. We propose various recycling metrics, discuss relevant 
aspects of recycling processes, and present current estimates 
on global end-of-life recycling rates (EOL-RR; i.e., the percent- 
age of a metal in discards that is actually recycled), recycled 
content (RC), and old scrap ratios (OSRs; i.e., the share of old 
scrap in the total scrap flow). Because of increases in metal 
use overtime and long metal in-use lifetimes, many RC values 
are low and will remain so for the foreseeable future. Because 
of relatively low efficiencies in the collection and processing 
of most discarded products, inherent limitations in recycling 
processes, and the fact that primary material is often relatively 
abundant and low-cost (which thereby keeps down the price 
of scrap), many EOL-RRs are very low: Only for 1 8 metals 
(silvep aluminum, gold, cobalt, chromium, copper; iron, man- 
ganese, niobium, nickel, lead, palladium, platinum, rhenium, 
rhodium, tin, titanium, and zinc) is the EOL-RR above 5096 
at present. Only for niobium, lead, and ruthenium is the RC 
above 5096, although 1 6 metals are in the 2596 to 5096 range. 
Thirteen metals have an OSR greater than 50%, These es- 
timates may be used in considerations of whether recycling 
efficiencies can be improved; which metric could best en- 
courage improved effectiveness in recycling; and an improved 
understanding of the dependence of recycling on economics, 
technology, and other factors. 
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Introduction and Scope of Study 

Metals are uniquely useful materials by virtue 
of their fracture toughness, thermal and elec- 
trical conductivity, and performance at high 
temperatures, among other properties. For these 
reasons, they are used in a wide range of applica- 
tions in areas such as machinery, energy, trans- 
portation, building and construction, informa- 
tion technology, and appliances. Additionally, 
of the various resources seeing wide use in mod- 
ern technology, metals are different from other 
materials in that they are inherently recyclable. 
This means that, in theory, they can be used 
over and over again, which minimizes the need 
to mine and process virgin materials and thus 
saves substantial amounts of energy and water 
while limiting environmental degradation in the 
process. 

Recycling data have the potential to demon- 
strate how efficiently metals are being reused and 
can thereby serve some of the following purposes: 

• Determine the influence of recycling on re- 
source sustainability 

• Provide information to governments, the 
metals industry, metal users, and the recy- 
cling industry on recycling races and oppor- 
tunities for change 

• Provide information for research on im- 
proving recycling efficiency 

• Provide information for life cycle assess- 
ments 

• Stimulate informed recycling policies. 

This article summarizes the results of a work- 
ing group of the United Nations Environment 
Programme’s (UNEP’s) International Panel for 
Sustainable Resource Management (Resource 
Panel) on metal tecycling rates. We discuss def- 
initions of recycling statistics, review recycling 
information, identify information gaps, and dis- 
cuss the implications of our results. The goal is to 
summarize available information (rather than to 
generate new data), highlight information gaps, 
and fill these gaps through informed estimates. 

The elements investigated are not all metals, 
according to the chemical meaning of metal, as 
metalloids^ have been included, whereas the ra- 
dioactive actinides and polonium are excluded. 


From the alkali metals only lithium (Li) has been 
included because of its use in batteries, and from 
the alkaline metals all but calcium have been 
included. Furthermore, selenium has been in- 
cluded because of its importance as an alloying el- 
ement and semiconductor. The selected elements 
(called “metals” hereafter) include the following: 

• Group 1; vanadium (V), chromium (Cr), 
manganese (Mn), iron (Fe), nickel (Ni), 
niobium (Nb), molybdenum (Mo) 

• Group 2: magnesium (Mg), aluminum (Al), 
titanium (Ti), cobalt (Co), copper (Cu), 
zinc (Zn), tin (Sn), lead (Pb) 

• Group 3: ruthenium (Ru), rhodium (Rh), 
palladium (Pd), silver (Ag), osmium (Os), 
iridium (Ir), platinum (Pt), gold (Au) 

• Group 4: lithium (Li), beryllium (Be), 
boron (B), scandium (Sc), gallium (Ga), 
germanium (Ge), arsenic (As), selenium 
(Se), strontium (Sr), yttrium (Y), zir- 
conium (Zt), cadmium (Cd), indium 
(In), antimony (Sb), tellurium (Te), bar- 
ium (Ba), lanthanum (La), cerium (Ce), 
praseodymium (Pr), neodymium (Nd), 
samarium (Sm), europium (Eu), gadolin- 
ium (Gd), terbium (Tb), dysprosium (Dy), 
holmium (Ho), erbium (Er), thulium (Tm), 
ytterbium (Yb), lutetium (Lu), hafnium 
(Hf), tantalum (Ta), tungsten (W), rhe- 
nium (Re), mercury (Hg), thallium (Tl), 
bismuth (Bi). 

For our purpose, the metals are designated 
as ferrous metals (Group 1), nonferrous metals 
(Group 2), precious metals (Group 3), and spe- 
cialty metals (Group 4). The principal metals in 
each of these groupings are more or less according 
to popular use, but the less abundant or less widely 
used elements are not necessarily readily catego- 
rized (e.g., tellurium [Te] could equally well have 
been included in the ferrous metals). 

Metals are predominantly used in alloy form, 
but not always, and recycling information that 
specifies the form of the metal is not commonly 
available. Thus, all information herein refers to 
the aggregate of the many forms of the metal in 
question (but as metal, rather than generally in 
a nonmetallic form such as a sulfate or oxide, 
e.g., barium sulfate [BaSOj, titanium dioxide 
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Figure I The life cycle of a metal, consisting of produaion. product manufacture, use, and end of life. The 
loss of residues at each stage and the reuse of scrap are indicated. (After Meskers 2008.) 


[T 1 O 2 ]). This distinction i.s addressed in the 
results where necessary. 

Metal Recycling Considerations 

Metat Life Cycle 

Figure 1 illustrates a simplified metal and prod- 
uct life cycle. The cycle is initiated by choices in 
product design: which materials are going to be 
used, how they will be joined, and which pro- 
cesses are used for manufacturing. Choices made 
during design have a lasting effect on material 
and product life cycles. They drive the demand 
for specific metals and influence the effectiveness 
of the recycling chain during end of life (EOL). 
The finished product enters the use phase and 
becomes part of the in-use stock of metals. When 
a product is discarded, it enters the EOL phase. 
It is separated into different metal .streams (recy- 
elates^ ), which have to be suitable for raw mate- 
rials production to ensure chat the metals can be 
successfully recycled. In each phase of the life cy- 
cle metal losses occur, indicated by the “residues” 
arrow in figure 1. 

The life cycle of a meral is closed if EOL prod- 
ucts are entering appropriate recycling chains, 
which leads to scrap metal in the form of 


recyclates displacing primary metals. The life cy- 
cle is open if EOL products neither are collected 
for recycling nor enter those recycling streams 
that are capable of recycling the particular metal 
efficiently. Open life cycles occur as a result of 
products discarded to landfills, products recycled 
through inappropriate technologies (e.g., the in- 
formal sector) whereby metals are not or only 
inefficiently recovered, and metal recycling in 
which the functionality (i.e., the physical and 
chemical properties) of the EOL metal is lost 
(nonfunctional or “open-loop” recycling; see be- 
low). A related distinction betw'een open and 
closed material systems i.s made in life cycle as- 
sessment (ISO 2006), in which a material sys- 
tem is only considered closed when a material 
is recycled into the same use (Dubreuil et al. 
2010 ). 

Scrap Types and Types of Recycling 

The different types of recycling are related to 
the type of scrap and its treatment: 

• Home scrap is material generated during 
material production or during fabrication 
or manufacturing that can be directly rein- 
serted in the process that generated it. 
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Home scrap recycling is generally econom- 
ically beneficial and easy to accomplish. It 
is excluded from recycling statistics and not 
further discussed here. 

• New (or preconsumer) scrap (sometimes 
termed “prompt scrap") also originates from 
a fabrication or manufacturing process. As 
opposed to home scrap, it is not recycled 
within the same facility but rather is trans- 
ferred to the scrap market. Because of its 
known properties, high purity, and value, 
its recycling is generally economically ben- 
eficial and easy to accomplish, although re- 
cycling becomes more difficult the closer 
one gets to finished products (e.g., rejected 
printed circuit boards). New scrap is typi- 
cally included in recycling statistics. 

• Old (or postconsumer) scrap is metal in 
products that have reached their EOL. 
Their recycling requires more effort, par- 
ticularly when the metal is a small part of a 
complex product. 

• Functional recycling^ is chat portion of EOL 
recycling in which the metal in a discarded 
product is separated and sorted to obtain 
recyclates chat are returned to raw mate- 
rial production processes that generate a 
metal or metal alloy. Often it is not the 
specific alloy that is remelted to make the 
same alloy but any alloys within a certain 
class of alloys chat are remelted to make 
one or more .specific alloys. For example, a 
mixture of austenitic stainless steel alloys 
might be remelted and the resulting com- 
position adjusted by addition of reagents or 
virgin metal to make a specific stainless steel 
grade. 

• Nonfunctional recycling is that portion of 
EOL recycling in which the metal is col- 
lected as old metal scrap and incorporated 
in an associated large-magnitude material 
stream as a “tramp” or impurity elements. 
This prevents dissipation into the environ- 
ment but represents the loss of the metal’s 
function, as it is generally impossible to re- 
cover it from the large-magnitude stream. 
Although nonfunctional recycling is here 
termed a type of recycling, it leads to an 
open metal life cycle, as discussed above. 
Examples are small amountvS of copper in 


iron recyclates that are incorporated into 
recycled carbon steel. 

• Losses occur when metal is not completely 
captured through any of the recycling 
streams mentioned above. Losses also result 
from in-use dissipation, as in the corrosion 
of sacrificial zinc coatings on steel, loss of 
the metallic contents of vehicle brake lin- 
ings, and unrecovered metal in mine tail- 
ings and refinery slags. Dissipation, tailings, 
and slag losses are not reflected in any of the 
recycling rate statistics in the present work. 

Defining Recycling Statistics 

Recycling rates have been defined in many 
different ways, for many life stages; sometimes 
the term is left undefined. Attempts to rectify 
this situation (e.g., Sibley and Butterman 1995; 
Sibley 2004; Eurometaux 2006; Bailey et al 2008; 
Reck and Gordon 2008; Dubreuil et al. 2010) 
have suggested more consistent approaches. In 
this article, we build on that work to define re- 
cycling efficiencies at EOL (collection, process 
efficiency, recycling rate) and in metal produc- 
tion (recycling input rate, recycled content, old 
scrap ratio). 

Ac EOL, the recycling efficiency of a metal 
can be measured at three levels; 

1. How much of the EOL metal contained in 
various discarded products is collected and 
enters the recycling chain (as opposed to 
metal that is landfilled)? (Old scrap collec- 
tion rate [CR]). 

2. What is the efficiency in any given recy- 
cling process (i.e., the yield)? (Recycling 
process efficiency rate, also called recovery 
rate; e.g., Van Schaik et al. 2004)- 

3. What is the EOL recycling rate (EOL-RR)? 
The EOL-RR always refers herein to func- 
tional recycling (unless noted differently) 
and includes recycling as a pure metal (e.g., 
copper) and as an alloy (e.g., brass). 

In contrast, the nonfunctional EOL-RR de- 
scribes the amount of metal that is collected 
but lost for functional recycling and that be- 
comes an impurity or “tramp element” in the 
dominant metal with which it is collected (e.g., 
copper in steel; more examples are provided in 
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Metal A 



Figure 2 Flows related to a simplified life cycle of metals and the recycling of production scrap and 
end-of*life products. Boxes indicate the main processes (life stages): Prod = production; Fab = fabrication; 
Mfg = manufacturing: WM&R = waste management and recycling; Coil = collection: Rec = recycling. Yield 
losses at all life stages are indicated through dashed lines (in waste management [WM] referring to landfills). 
When material is discarded to WM, it may be recycled (flow e), lost into the cycle of another metal (flow f, 
as with copper wire mixed into steel scrap), or landfilled. The boundary indicates the global industrial system, 
not a geographical entity. When metal is nonfunctionaliy recycled (“downcyded”). it enters the cycle of 
another metal, indicated by the minicycle in the lower right corner. A more detailed diagram of metal 
production and fabrication is provided in Appendix S I -6 of the Supporting Information on the Web. . 


Appendix Si-5 in the Supporting Information 
on the Web). Tlie EOL-RR is .strongly influenced 
by the least efficient link in rhe recycling chain, 
which is typically the initial collection activity. 

Figure 2 provides a simplified metal life cycle 
on the basis of which the above-mentioned EOL 
metrics can be calculated: 

1. Old scrap collection rate: CR = e/d 

2. Recycling process efficiency rate = g/e 

,3. EOL-RR — g/d (refers to functional recy- 
cling only). Nonfunctional EOL-RR = f/d 

In metal production, two other metrics are of 
importance; the recycling input race (RIR) and 
the old scrap ratio (OSR). Tlie RIR describes the 
fraction of secondary (scrap) metal in the total 
metal input of metal production — that is, flow c 
in figure 2 (as an approximation, primary metal 
input is calculated as extracted ore minus losses 
through tailings). The RIR is identical to the re- 
cycled concent (RC) when the latter is calculated 


as follows (see Appendix S 1-6 in the Supporting 
Information on the Web for further details), 

4. RC = (/ + Tn)/(fl + j + m) 

The calculation of RC is straightforward at the 
global level but difficult, if not impossible, at the 
country level. The reason is that information on 
the recycled concent of i mported produced metals 
is typically not available (flow b; i.e., the share of 
m/(aTm) in other countries is unknown), which 
in turn makes a precise calculation of the recycled 
content of flow c impossible. 

The OSR describes the fraction of old scrap 
(g) in the recycling flow (g -I- h). 

5. OSR==(g)/Cg + h) 

In combination, with the recycled concent, 
this metric reveals the quantity of metal from 
EOL products used again for metal produc- 
tion and product manufacturing and enhances 
understanding of the degree to which the use of 
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scrap from various stages of the metal life cycle is 
occurring. 

For a better interpretation of these metrics, 
we have to consider some influencing factors. 
The recycled content of metals depends on the 
amount of scrap available and on the scrap qua!- 
ity: The new-scrap availability depends on the 
degree of metal use and the process efficiency 
in fabrication and manufacturing. The old-scrap 
availability is a function of metal use a product 
lifetime ago, in-use dissipation over the product 
lifetime, and the efficiency of the EOL collection 
and recycling system. High growth rates in metal 
demand in the past, together with long product 
lifetimes (often several decades), result in avail- 
able old-scrap quantities that are typically much 
smaller than the metal demand in production, 
which leads to RCs much smaller than 100%. 
Even a very efficient EOL recycling system would 
not provide enough old scrap for a high recycled 
concent with a high OSR in this circumstance. 
Comparisons of RCs across metals are problem- 
atic due to different growth rates in metal use over 
time, different end uj>es with different respective 
lifetimes and different in-use dissipation rates, 
different production processe.s (which sometimes 
limit the amount of scrap used), and varying tol- 
erances in metal production to scrap impurities 
(Van Schaik et al 2004; Gaustad et al. 2010). 
The recycling process efficiency varies from metal 
to metal, depending on the metal or grade for 
which a process is optimized, and although it can 
be high it will never reach 100% due to ther- 
modynamic and other limitations (Castro et al. 

2004). 

It is also important to note that recycling 
efficiency is highly product-specific. The form 
in which a metal is used (pure, alloyed, etc.), 
the quantity of a metal in a specific product, 
the design of a product (easy or hard to disas- 
semble), and the monetary value of the metal 
all play a role. Scholarly studies that demon- 
strate these dependencies are rare — exceptions 
include the work of Van Schaik (2004) and Van 
Schaik and colle-agues (2004) for automobiles 
and Chancerel and Rotter (2009) for electron- 
ics. Additional information can be found on in- 
dustry group Web sites (e.g., Steel Recycling in- 
stitute 2010 for steel and International Copper 
Study Group 2004 for vehicles). Overall, how- 


ever, the available product-specific sources do not 
treat very many sectors, products, or metals of in- 
terest, and, with the exception of the precious 
metals (see Appendix Sl-3 in the Supporting 
Information on the Web), we are unable to ad- 
dress product sector-specific recycling rates in this 
study. 

Consensus Recycling Statistics 

The set of global-average metal recycling 
statistics that we derive represents an order of 
magnitude estimate that was drawn from a review 
of the recycling literature and informed estimates 
by industry experts. The years for which figures 
are available vary, but many apply to the 2000- 
2005 time period. This literature review was fol- 
lowed by a workshop"^ in which experts discussed 
the relevance and accuracy of the published in- 
formation, which is clearly of varying quality and 
differs by region, product, and available technol- 
ogy, all of which make it challenging to quote 
definitive values for any of the recycling metrics. 
For used or EOL electronics, automotive vehicles, 
and some other products, significant exports take 
place from industrialized to transition and de- 
veloping countries, where the recycling process 
efficiency rate is often low. Additionally, for the 
base metals^ and gold, especially, informal recy- 
cling in developing countries is extensive. Thus, 
no attempt was made to specify exact recycling 
races; rather, the experts chose five ranges for 
recycling values in cases where familiarity with 
the recycling industry enabled such choices to be 
made, even in the absence or paucity of published 
data. Because of the independence of data sources 
and the underlying uncertainties, mass balance 
cannot always be achieved when one combines 
the results of the various metrics, nor should one 
expect to do so, and the consensus numbers com- 
piled here by the experts need to be understood 
as a first comprehensive assessment that will re- 
quire further review and elaboration over time. 
Nonetheless, we regard the magnitudes of the 
results to be approximately correct on a global 
average basis as of the time of publication of this 
article. 

The detailed results of these exercises are 
presented in the Appendixes in the Support- 
ing information on the Web. The three periodic 
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Figure 3 The periodic table of global average end-of-life funaional recycling rates (EOL-RR) for 60 metals, 
with the individual metals categorized into one of five ranges. Unshaded entries indicate that no data or 
estimates are available or that the elements were not addressed in this study These evaluations do not. 
consider metal emissions from coal power plants. 


table displays in figures 3, 4, and 5 illustrate 
the consensus results in compact visual display 
formats. 

The EOL'RR results in figure 3 relate to what' 
ever form (pure, alloy, etc.) in which substance- 
specific recycling occurs. To reflect the level of 
certainty of the data and the estimates, data are 
divided into five bins: greater than 50%, 26% to 
50%, i 1% to 25%, 1% to 10%, and less than 1%, 
It is noteworthy that for only 18 of the 62 metals 
do we estimate the EOL-RR to be above 50%, 
and it was usually barely above that level. An- 
other three metals are in the 26% to 50% group, 
and three more were in the 11% to 25% group. 
For a very large number, little or no EOL recy- 
cling is occurring. 

Similarly, figure 4 presents the RC data In 
similar form. Lead, ruthenium, and niobium are 
the only metals for which RC is greater than 
50%, but 16 metals have RC in the 26% to 50% 
range. Tltis reflects a combination in several cases 


of efficient employment of new scrap as well as 
better than average EOL recycling. 

The OSR results (figure 5 ) tend to be high for 
valuable materials, because these materials are 
used with minimal lasses in manufacturing pro- 
cesses and collected at EOL with relatively high 
efficiency. Collection and recycling at EOL are 
relatively high as well for the hazardous metals 
cadmium, mercury, and lead, although significant 
losses certainly occur for these metals also (e.g., 
Hawkins et al. 2006). Overall, thirteen metals 
have OSRs greater than 50%, and another ten 
have OSRs in the range from 26% to 50%. 

Where relatively high EOL-RRs are derived, 
the impression might be given chat the metals 
in question are being used more responsibly than 
those with lower rates. In reality, rates rend to 
reflect the degree to which materials are used 
in large amounts in easily recoverable applica- 
tior^ (e.g., lead in batteries, steel in automobiles). 
In contrast, when materials are used in small 
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Figure 4 The periodic table of global average recycled content (RC) for 60 metals, with the individual 
metals categorized into one of five ranges. Unshaded entries indicate that no data or estimates are available 
or that the elements were not addressed in this study. 


quantities in complex products (e.g., tantalum in 
electronics), recycling is technically much more 
challenging. 

Implications of the Results 

Can recycling efficiencies be improved? Tliat 
is, can materials cycles be transformed from open 
(i.e., without comprehensive recycling) to closed 
(i.e., completely reemployed) or at least to less 
open than they are ar present? A major challenge 
is that open cycles are typical for many metals 
in consumer goods, such as cars, electronics, and 
small appliances {Hagelilken 2007), due to the 
following: 

♦ Product designs that make disassembly and 
material separation difficult or impossible* 

• A high mobility of products and the unclear 
material flows that result. These are caused 
by multiple changes of ownership and se- 
quential locations of use spread around the 
globe. 


• A generally low awareness about the loss 
of resources, and missing economic recy- 
cling incentives due to low intrinsic value 
per unit. Nevertheless, the overall mass 
flows have a big impact on metal demand 
(Hagelaken and Meskers 2008). 

• Lack of an appropriate recycling infras- 
tructure for EOL management of com- 
plex products in many developing countries 
and emerging economies. In industrialized 
countries, many hibernating goods (prod- 
ucts stored in drawers and closets and not 
yet discarded) and small devices that go into 
the trash bin (e.g., mobile phones) reduce 
significantly the recycling efficiencies. 

• Recycling technologies that have not kept 
pace with complex and elementally diverse 
modern products. 

Closed cycles are typical for many industrial 
goods, such as industrial machinery, tools, and 
process catalysts. Although the required recy- 
cling technology does not differ much from that 
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Figure 5 The periodic table of global average old scrap ratios (OSR) for 60 metals, with the individual 
metals categorized into one of five ranges. Unshaded entries indicate that no data or estimates are available 
or that the elements were not addressed in this study. 


for consumer goods, the recycling efficiencies are 
usually much higher due to a high awareness of 
the involved stakeholders, economic recycling 
incentives, transparent and professional handling 
throughout the product life cycle, and a rather 
limited change of ownership and location of 
use. 

The recycling metrics repre.sent average cur- 
rent global-level estimates. These metrics vary 
from year to year due to changes in a num- 
ber of underlying factors: metal use a product 
lifetime ago, share of different end-use sectors, 
product lifetimes, product composition, product 
weight, and recycling efficiencies (Van Schaik 
et at. 2004; Reuter et al. 2005; Mtiller et al. 2006; 
Reck et al. 2010). In addition, even though re- 
cycling race statistics at the country level are 
sparse, it is clear that metals with low global recy- 
cling rates must also have low rates within indi- 
vidual countries. As concerns continue to rise 
about absolute availability, trade barriers, and 


other potential supply constraints, it is in the 
interest of ail countries to enhance their long- 
term sustainability by increasing recycling rates 
and thereby retaining metals rather than discard- 
ing or dispersing them, as is often the case at 
present. 

in practice, the effectiveness of recycling is a 
consequence of three related factors. The first is 
economics, because the net intrinsic value of the 
discarded materials must be high enough to jus- 
tify the cost and effort of recycling. When that 
value is not present, incentives such as deposit 
fees or other cost subsidies, usually based on le- 
gal requirements, may make it so, at least at the 
consumer level. The second factor is technology: 
Do the design of the discarded product and the 
ways materials are joined or merged enable or 
inhibit available recycling processes? The final 
fector is societal; Has a habit of recycling been 
established? Do public campaigns promote recy- 
cling targets? Can legislation, recycling fees, or 
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ocher recycling policies prove effective? To the 
degree chat these factors are addressed, improved 
rates of reuse and recycling are likely. Many of 
these issues are discussed in detail by Graedel 
and Van der Voet (2010). 

Policies involving recycled content goals are 
intended to provide an incentive for recycling. 
Some argue, however, that this metric is only of 
limited relevance for metals because, unlike ma- 
terials such as paper or some plastics, the avail- 
ability of secondary metals (new or old scrap) is 
limited due to the often long lifetimes of metals 
in use (Atherton 2007). One could argue that the 
intent of such policies could better be achieved 
by encouragement of a high OSR (i.e., the old 
scrap in the recycled content). Such an approach 
would provide an incentive to increase the EOL- 
RR (i.e., increase the share of old scrap) and make 
fabrication processcsS more efficient (i.e., decrease 
the share of new scrap). In fact, many consider 
the EOL'RR to be the most important recycling 
metric (Recycling Project Team 2010). 

A large research and data collection effort 
is needed in the case of many of the metals to 
locate missing information and to obtain more 
reliable recycling statistics. Measures of recy- 
cling performance are needed for informed pol- 
icy directions and to evaluate the effects of pub- 
lic policy and societal performance. In addition, 
in-depth research is necessary to develop new re- 
cycling technologies and infrastructures for spe- 
cific applications (especially emerging technolo- 
gies). Nonetheless, it needs to be understood that 
due to the dissipative use of many metals and to 
fundamental thermodynamic limits (Castro et al. 
2004; Van Schaikand Reuter 2004), it is nor pos- 
sible to recover everything, even in an optimized 
environment. 

Despite the challenges of improving recy- 
cling rates, however measured, recycling gen- 
erally saves energy and minimizes the environ- 
mental challenges related to the extraction and 
processing of virgin materials. The data pre- 
sented in this report, and the discussions related 
to how the data are measured and how they 
might change over time given certain technolog- 
ical or societal approaches, provide information 
likely to be useful in moving society toward a 
more efficient level of resource utilization in the 
future. 
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Notes 

I. A metalloid is an element with properties inter- 
mediate between those of a metal and chose of a 

nonmetal. 
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2. This useful term is borrowed from the plastics recy' 
cling community. 

3. This term was coined by Guinde and colleagues 

( 1999 ). 

4. The workshop was held in Brussels, Belgium, April 
24-25, 2009. The attendees consisted of the authors 
of this article and those recognized in the Acknowl- 
edgments. 

5. A base metal is a metal that oxidizes or corrodes 
relatively easily (e.g., iron, lead, zinc, and copper), 
in contract to noble or /xrecioiis metals. 
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